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A crop-environment-disease interaction on Ascochyta blight of Chickpea was studied to 
establish the empirical relationsh~ps between ~neteorological ele~nentc and the diiease, effect of 
moisture condiuons on viuious componeno of the diseaie cycle in controlled environment and 
to assess the disease progress and its influence on crop performance in the field. The empirical 
study c lass~ f id  the chickpea crop season into riaky and non-risky period'; for Ascochyta blight 
epidemics. The period between SMWs Y to 14 was a risky period In which evening relative 
humidity (rh) and maximum temperature were good indicator of Ascochyta blight outbreaks. A 
ratio of these variables (HTR) was the best indicator (R2=0.Y3) to depict quadratic relationship 
with disease development. This study revealed that the crop should be sprayed with protective 
fungicides in  the 8th SMW to check the build-up of inoculum in the field i f  any. To confirm the 
empirical relationships, controlled environment experiments at 211°C were condu~.ted. Wetness 
duration of 2h and 4h were the minimum requirements for germination and penetration of the 
pathogen and followed a linear increase with increasing wetness. Significant diwase developed 
with 4h wetness and with increasing wetness, the disease increased linearly, reaching a plateau 
at 1Xh wetness for a single disease cycle. An increase in leaf 
dryness immediately after inoculation caused a linear (r =0.92) decrease in the disease 
development. Ascochyta rahiei did not cause infection on inoculated and air dried chickpea plants 
when exposed to rh 595 percent. The disease followed a steep linear increase between 911 and 
100 percent rh.The disease developed significantly more in  dark than light. Sporulation was 
maximum with continuous wetness following non-linear trend (r=O.YX). The empirical and 
laboratory studies were validated in field. Dicease increased with increasing continuous wetness 
in the field, reaching a maximu~n of Xh per cent with seven days wetness. An exponential loss 
of seed yield was obselved with increasing Ascochyta blight. When i~ioculated plots were 
supplied with additional wetness, the disease appeared significantly higher than u11-inoculated. 
indicating that inoculum availability in nature needs further investigation. In the plots where 
inoculu~n was supplied w~thout additional wetnesr. the disease did not appear rignificantly 
indicating that wetness is limiting for Ascochyta blight development. The study has provided 
sufficient information to issue weather based agro-advisories to Inanage Ascochyta blight with 
minimum use of fungitoxicants. A medium range weather forecasting c;~n further add into this 
service by providing anticipated weather condition* favourable for the diaeaae development well 
in advance for timely action by grower5 to ~us ta in  chickpea product~on. 
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Chickpea (Cirvr ~ r i e r i~~r t rn  L.) is a major source of protein for human 
consumption, provides high quality crop residues for aninial feed and helps to maintain 
soil fertil~ty through biological nitrogen fixation. This crop is grown in ecologically 
diverse e~~v i ron~nen t s  i  India, the Mediterranean region, eastern Africa, the Americas and 
Europe where it is subject to varying photoperiod atid hy(1rothermol regimes during its 
life span. Under \uch variable environ~ne~ital conditions, the crop yield ranges from 247 
to 1979 kgha (Anonymous. 1904). Even under single production area af the world, large 
fluctuations in its productivity are observed. Interestingly, reduction in crop y~eld 
co~nmonly coincider: with catastrophic disease of chickpea ic Ascochylir blight caused by 
A.\~,ochyrrr c~biei (Pa\\.) Lab. This is a major constraint to chickpea production with total 
failure of the crop being likely when the disease occurs in epidemic form. 
Awochyta blight is mo\t prevalent in latitudes ranging frc~m 26" N to 4.5" N. 
Below 26" N and above 45' N,  tropical and temperate climatic conditions prevail which 
limit disease development. Conditions In the 26" N - 4.5' N latitudinal range often favour 
this disease which requires moderate temperature, high humidity and wet plant surface 
resulting from dew or intermittent rains received during the crop season (Nene, 19x4). 
This disease is a major threat to chickpea production in several states of India such as 
Punjab, Haryana, pans of Rajasthan. Himachal Pradesh, Utur Pradesh and Bihar where 
such an environnient prevails. 
The large fluctuations in crop yield in relation to occurrence or non occurrence of 
this disease are well documented (Vernia c.t (11. I Y X I :  Singh cr (11. 1982; Hawtin and Singh 
19x4: Malik and Tfail 1984: Singh 111 (11, 1984 Trapero-Casas and Jimenez-Diaz 1YXh; 
Kaiser and Muehlbauer 1988) and emphasise the need to study the effects of variable 
teniperiture, humidity (amount and distributio~i, leaf wetness) and photoperiod etc., 
individually and in combination on the behaviour of the pathogen and in relation to crop 
performance. Quantification of interactions among the host-pathogen-environment will 
help to achieve consistently high yield by identification and exploitation of appropriate 
environmental window< favourable and unfiivourable for the clisease. Keeping this in 
view, the present study was planned with the following objectives. 
I. To establish the empirical relationships between meteorological elements and 
Ascochyta blight. 
2 To study the germination, penetration, sporulation and vurvival of conidia 
(pycnidiospores) and its impact on the disease progress under different 
environments. 
3. To assess disease progress and its influence on crop performance under field 
conditions. 
CHAPTER l l  
REVIEW OF LITERATURE 
The relevant literature covering interactive rel;~tionships among different 
components of the disease triangle ir the crop-disease-physical environ~iie~~t  is reviewed 
under following heads: 
2.1 EMPIRICAL KE1,ATIONSHIPS BETWEEN I)IS&ASE AND WEA'I'HBK 
2.2 WEA'I'HER ANI) CROP 1)ISEASE 
2.3 CROP GROWTH AND ENVIRONMEN'I' 
2.4 CHOP PHENOI,O(;Y 
2.1 EMPIRICAI, RE1,A'TIONSHIPS HETWEEN 1)ISEASE AND WEA'I'HER 
The combination of a uufficiently large population of a suhceptible host, a virulent 
pathogen and an adequate duration of fiwourable environment is required for plant disease 
epidemics. In an empirical study to quantify the interaction among the hout-pathogen- 
environment, historical data on climatic variables which influence disease such as 
temperature, moisture, solar radiation and wind, as well as disease intensity are required 
for statistical analysis. 
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Diekmann (1992) studied the effect of cl i~natic variables on Ascochyta blight of 
chickpea caused by A. rcibici for various agro-geographical zones o f  the world and 
developed a function using mean daily temperature in month 1 o f  the vegetative 
phase.mean precipitation in month 2, with the daily average precipitation and mean 
number of rainy days in months I arid 2 to indicate hlight epidemics globally. 
Coakley (19x8) develop~d a computer programme to identify most highly 
correlated climatic parameters with disease and used the computer programme called 
WINDOW to give forecasting models using two and three variables which explained 75 
and 76 per cent variation respectively in stripe rust of wheat caused by Pucr,otio 
srrifbrmi!. 
Mavi et ui(lqY2) studied the effect of cl i~natic variable\ on karnal bunt diseahe o f  
wheat and identitied temperature and relative humidity as the weather elements which 
favour disease outbreaks. Jhorar 1.1 ol (1992). developed a humid thermal index (HTI) hy 
taking the ratio of humidity and temperature during contrasting periods (epidemic and non 
epidemic) for 20 years. A simple linear model using HTI  as a single compound variable 
expla~ned >YO per cent of the karnal bunt disease variation. 
Empirical studies require long term historical data o f  not only cli~natic variables 
but also disease intensity, to establish meaningful relationship between diqease and 
weather. Scanty information is available in case o f  Ascochyta blight, so there ia ample 
scope for conducting empirical studies in different agroclimatic zones to identify the 
appropriate environmental windows both favourable and unfavourable to this 
disease.These could be exploited to achieve considerably higher chickpea yields. 
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2.2 WEATHER AN11 CROP IIISEASE 
Ascochyta blight is thought to be largely influenced by microclimate of the crop 
which in turn is influenced by prevailing weather conditions. The pathogen will be 
affected by the weather at all crop growth and development stages up to ~naturity. 
Therefore crop losses due to this could vary from 0 to Ill0 per cent, depending on the 
weather conditions, which emphasises the \cope of using the degree of crop loss as an 
important tool to identify both the fnvourable as well as unfavourable weather conditions 
for the diseare (Singh and Sharma. 1905). Quantitative inforcnation on crop ~nicrocli~nate 
ilnd the response of the pathogen is a prerequisite to as\ess the importance of the 
microclimate on disease (Butler. 1993). 
2.2.1 Effect of weather factors on primary inoeulum 
In the field, primary inoculum of A. roh~vi  multiplies under favourable weather 
conditions and spreads when it I S  wet and windy. Infected and broken plant parta can 
trar~sport inoculum several hundred metres (Luthra er ul. 193.5). Choube and Mishra 
(1992). reported that the pathogen survives in crop debris left in the field after harvest and 
contaminated seed $tored for the next sowing. 
A study conducted by Ram Singh and Mohinder Pal (1993). revealed that survival 
of Aschochyra rnbivi on plant debris declines rapidly with increasing temperature from 
20 to 45'C. At 15. 20 and 45°C. the survival was 3.3, 10 and O per cent respectively. In 
field, the pathogen survived for 2.5 months at 5 cm depth and for shorter period at greater 
soil depths. 
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Kausar (1965), revealed that areas where chickpea crop follow hot summer and 
heavy rains. the fungus survive for very short duration because the crop debris gets 
decomposed and fungus can not withstand extreme weather. 
Trapero-casas and Kaiser (1992) revealed that in the perfect stage of pathogen, 
ascospores are released during vegetative stage of chickpea indicating the poskibility of 
serving as pritniuy inoculum for Ascochyta blight under favourable weather conditions 
particularly when high moisture conditions prevail. However, the perfect stage of the 
pathogen has not yet been reported in India (Singh and Sharnia. I'jY.5). 
The studies conducted in the field, under varied environments covering different 
ranges of temperature, rainfall and so11 depth revealed that mild te1nperaturek2O~C) may 
be favourable for primary inoculum, whereas, hot summer (345°C) has proved to be 
detrimental for survival of the pathogen. Soil depth up to 5 cm proved to be beneficial 
for pathogen, whereas greater depths reduced the survival period of the pathogen. Hot and 
humid condition$ apart from their direct effect, through heat and moisture, has alw 
rho~tened the survival period through indirect effect by decomposing the crop debris 
resulting in non availability of the food material for pathogen. 
2.2.2 Effect of temperature on the disease 
Colhun (1973) suggested that in general, disease development continues as long 
as healthy plant tissue is available under the favourable weather conditions. Temperature 
influences various fungal diseases and if it is too low or too high, the disease 
development stops. Ascochyta blight is favoured by moderate temperature (I5 - 25'C) and 
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frequent rainfall (Zachos rt (11. 1963; Kauser. 1965; Askerov. 1968; Chauhan and Sinha. 
1973: Weltzien and Kaack. 19x4: Dey. 19%) and Trapero-Casa~ and Kaiser. 1992). 
Weltzien and Kaack (19x4) revealed that an epiphytotic onset o f  Ascochyta blight 
of chickpea, can be related to the weather. When the air temperature is below h°C wet 
conditions prevailing for any length of time can not produce Ascochyta blight. Similarly. 
when wetness is < h h. Ascochyta blight does not develop even with tilost favourable 
temperature. Its development is fast when temperature is between 9 and 24' C and 
wetness is longer than h h. It can be concluded that cool. dry weather conditions are 
totally unfavourable, whereas, weather with mild temperatures, coupled with prolonged 
wet periods accelerate this diqease. Reddy and Singh (1090) observed that cool 
temperatures (minimum temperature 4 ° C  and ~ n a x i m u ~ n  temperature < I  5°C) limited the 
disease development even with high humidity, whereah weekly mean temperatures 
between 10 and 20°C with high relative humidity prolnoted Ascochyta blight 
development. 
The studies conducted by Singh (1984). revealed that pycnidiospore start 
germinating at 10°C and continue to germinate at an increasing rate with the increase in 
the temperature reaching to peak at 20°C. The spore germination stop at 30°C. With 
continuous wetness ,temperatures less than IO°C and greater than 2S°C were found 
unfavourable for infection and 20°C was the optimum temperature for rapid establishment 
o f  pathogen (Trapero-casas and Kaiser 1992). 
The effect of temperature in prolonging or shortening the incubation period has 
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been reported by several workers. 7he incubation period (the time taken from infection 
to the appearance of symptoms) of A .  rcrhici was minimu~n (about 4.5 days) at 20°C, and 
it increased with both lower and higher temperatures. A second degree polyno~nial 
equation with temperature as an independent variable explained X5 per cent of the 
variability in incubation period for temperatures below 30°C. The latent period (the tittle 
taken from infection to the beginning of spomlation) at temperatures of 5. 10. 15. 20 and 
25°C was observed to be 23. 12. 9. 7 and X days respectively. A second degree 
polynomial equation with temperature as an independent variable explained (13 per cent 
variability in the latent period for temperatures &low 30°C (Trapero-Casas and Kaiser. 
lY92), 
Optimum temperature for fungal growth was observed to be 20"C, whereas, below 
and above this level, the growth was retarded. Minimum fungal growth was observed at 
I0 and 30°C (Bedi and Aujla.lY70: Singh.lYX4 and Singh, 19x7). 
Kai\er (1973) reported that optimum temperature for spore production was 15 to 
20°C. The pycnidia containing viable spores were formed on dried chickpea atem between 
10 and 30°C but the formation was fast at 20°C. Pycnidial growth was observed to be 
maximum dt 25°C whereas the size of the pycnidia was maximum at 20°C followed by 
15 and 25'C and the temperature at 10°C was least favourable for pycnidial size. The 
maximum size of pycnidiospore was observed at 25'C followed by 20, 15, 10 and 30°C 
(Singh, 19x4 and Singh,lYX7). 
Hassani (1981), on the basis of laboratory studies conducted in France, suggested 
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that temperature is not an inhibiting factor for spread of the disease but only a factor 
which modifies the rate at which the disease spreads. He advocated the i~nportance of 
moisture more than the prevailing temperature. 
The effect of temperature in regulating the duration of different stages of the 
disease cycle, i.e. from infection to symptom appearance, fungal growth, spore production 
and ultimately beginning of next disease cycle, has identified it as an important weather 
variable. 
2.2.3 Effect of muisture on the disease 
Moisture in general i an important weather eletnent which in different forms, 
influences all fungal pathogens infecting aerial plant parts. When (he moisture 
requirements of a pathogen are fully met under favourable temperature conditions, it 
multiplies on a susceptible host at a maximum rate to increase disease intensity and 
incidence. If such condition\ prolong for sufficient time, epiphytotic outbreak is certain. 
Thi\ kind of potential role of moisture has been exploited frequently as a base to forecast 
d~sease (Royle and Butler, 1Wh; Butler, 1992). 
2.2.3.1 Effect of rainfall on the disease 
Movement of water in canopies is most commonly associated with rain. Of the 
diverse attributes of rain, time, frequency and duration are critical in determining plant 
surface wetness and pathogen dispersal in plant communities through trickling and 
bplarhing. The intensity of rain as a function of the number, size and velucity of 
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droplets affects disease i n  different ways. The cumulative effect of these factors may 
affect plant disease epidemic outbreaks (Ooka and Co~nmedohl. 1977: Sutten and 
Yanes. 1979; Fitt 6.1 (11, IYX2: Sutten er (11 ,  19x4; Royle and Butler. IYXh). 
During the chickpea growing qeason. Kauser (196.5) studied the influence of winter 
rainfall on epiphytotir' and revealed that high rainfall resulted in high chickpea blight 
incidence. Sunl~ner ains, however. had a negative effect on the disease. Ascwhyta blight 
is most serious, when the winter sown chickpea i n  north-west India and Pakistan and 
spring sown chickpea i n  Mediterranean region receive frequent rains dur ing crop 
season (Reddy et (11. 1990). 
2.2.3.2 Effect o f  surface wetness on the disease 
Leaf surfauc wetness normally refers to dew or rain on aerial parts of the plant 
aurface. The duration of wetnesh i'; of chief interest in epidemiology. though the amount 
and form of free water may also be important (Van der Wal, 1078). Wetnehh duration 
vnr;e\ considerably not only with weather condition.; but also with the type and 
developmental stages o f  crop, the position, angle and geometry of leaves and specific 
location of individual leaves. The role of wetness in infection by pathogcna has been 
demonstrated by a number o f  researchers, indicating a global range of wetness duration 
requirements varying from 0.5 to more than 100 h (Huber and Gillespie. 1992). The effect 
of free water on sporulation has been little explored and remains a bottle-neck in the 
application of forecasting methods. Sporulation, however may require longer wetness 
periods than the infection process. 
I I 
Host surface wetness is prerequisite for surface contamination, infection and rapid 
development o f  Ascochyta blight on chickpea. Spores o f  A.  rabiei are only released 
f rom wet pycnidia and at least 6 h o f  wetness is necmsary fur infectiun by this 
organism at the opt imum temperature (Weltzien and Kaack. 1084). 
Trapero-Casas and Kaiser (1992) stated that longer wetneas is required for the 
infection with sub optinial temperatures. They, however, could not establihh the ~ni l i imutn 
threshold wetness to cause infection but observed the rapid increahe in the disease from 
3.5 to 81.1 per cent when wetness duration was increased from 6 to 4X h. When dryness 
of h h after inoculation was followed by 24 h wetness, the disease increased to Xh per 
cent. 
H a s m i  (IOXI), revealed that rate o f  spore germination of A .  rc~hic~i, under free 
water conditions reached 100 per cent and also observed the gerlii tube for~nation on both 
ends of the apore. 
2.2.3.3 Effect of humidity on the disease 
Many research workers have reported the importance 11f humidity in the 
development o f  various diseases. I t  directly influences sporulation by many fungi and has 
~mplications for the persistence of wetness. I t  is often a good indicator of wetnesa or 
dryness of the plant surface, though i t  (humidity) may not always correlate with wetness 
(Royle and Butler, 19Xh). 
Reddy and Singh (1990) reported that Ascochyta blight is influenced by high 
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humidity in association with favourable temperature. When weekly mean temperature was 
within optimuni range, weekly mean relative humidity of >hO per cent resulted in 
epidemic outbreak in winter sown chickpeas. Singh ~r ol.(lYX2), reported that relative 
humidity above 85 per cent is required for 4X h lo cause the infectio~i. The results of the 
study conducted by Chauhan and Singh (1973). revealed that relative humidity between 
X5 and 9X per L.ent is most favourable for disease develop~nent. Studies conducted by 
Hassani (1981). revealed that humidity is a limiting factor for spore germination and 
for triggering epiphytutic. When relative humidity remained below 98 per cent, 
spores of A. robiei did nut germinate, whereas, between 98 and I(H) per cent relative 
humidity, a delay in sporulatiun and germination compared to wetness, was 
observed. 
2.2.4 Effect of light and dark periods on the disease 
The effect of light and dark periods on fungal sporulation has been studied by 
many researchers. Light may influence spore germination, penetration, infection type. 
spore release and viability (Colhoun, 1973). 
A htudy conducted by Kaiser (1973) revealed that continuous light increased 
mycelial growth and sporulation of A .  ruhiei compared with continuous darkness on 
potato-dextrose agar (PDA) and chickpea seed meal (CSMA). However, the sporulation 
under alternate light and dark conditions was always greater. Nene (IYX4), revealed that 
increased light duration increased the sporulation of A .  ruhiei. 
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April hastens senescence and foxes maturity even when the crop is raised with assured 
irrigation or receives well distributed rainfall of around 130 lntn during the season. The 
growing reason usually last between 150 atid 170 days. In  contrast to tropical climates. 
chickpea can be grown in cooler areas where minilnun1 temperature falls below O°C. 
However, crop growth duration in such areas is longer (Huda and Virmani. 10x7: 
Virmani. 1991). 
According to Summerfield (19XO), the chickpea crop experiences markedly 
different photothermal regimes globally, and the rate o f  change of day-length during the 
crop season depends on where and when the crop is grown. However, for its growth and 
development, the crop requires warm days (20 - 25°C) and cool nights ( 5  - 10°C) coupled 
with 200 to 300 m m  o f  well dirtributed rainfall during its life \pan (Sinha. 1977). Ai r  
temperatures of around 3U°C and above were observed to be harmful to pod formation 
(Jagdish Kumar, 1990) but a slight rainfall coinciding with the reproductive phase was 
found to give best biomass and seed yield (Jodha and SubbaKao,lYX7). 
A study conducted at New D e l h ~  by Prabhakar and Saraf (19Y0), revealed that up 
to 60 days after sowing (DAS) dry matter accumulation is slow and thereafter, i t  increases 
rapidly rea~hing to a peak at around 120 DAS. The maximum dry matter accumulation 
is recorded at harvest. The increase in dry matter accumulation at YO DAS ia attributed 
to rise in day temperature. Under Punjab conditions. Gi l l  clrrl  (IYXXa), observed that dry 
matter accumulation in leaves is low up to 60 DAS which increase five fold after 60 days 
to reach a peak at 90 DAS. Stem dry matter continues to increase up to maturity. Pod dry 
matter accumulat~on is initiated 90 DAS and continues to increase up to maturity. The 
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maximum seed dry weight is also attained at maturity. The total dry matter increases as 
the crop growth stage advances (Gill er r r l .  IYXXb). Murinda and Saxella ( I  983). suggested 
that when chickpea is raised under ~iioisture and temperature stress during the early phase 
of reproductive growth, it results in poor yield. 
2.4 CROP PHENOLOGY 
Phenology deals with periodic biological phenotnetia ic, changes in the 
develop~nental state of plants in relation to climatic parameters. The rate at which these 
changes take place are sensitive to temperature, moisture and photoperiod (Edwards it! (11. 
IYXh). An ability to predict phenology in different environmental circumstances enables 
the crop to be grown for maximum exploitation of environ~nerital resources like moisture, 
temperature and solar radiation ( Summerfield er (11. 1991). 
Chickpea pawes through the pheno-phases of germination, emergence, vegetative 
prcrwth, repruductive growth and maturity, which are strongly influenced by the prevailing 
weather elements. Sharma and Sonakiya (IYYO), used the Growing Degree Day (GDD) 
concept to compare different cult~vars of chickpea and observed vignificant variability in 
GDD for vdrious crop phenological stages. Summerfield er (11 (IYXI), observed that a 
group of cultivars suffered severely when exposed to hot days near maturity, reducing the 
average seed yield by one third wh~le  some cultivars escaped ?tress during the 
reproductive period by maturing early. In chickpea. crop duration is largely dependent on 
time between sowing and flowering (Pundir et ul, 1988). An increase in the vegetative 
period results in a greater accumulation of the photosynthates which contribute to final 
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yield. When the length of the reproductive phase is increased, a prolonged change in the 
source-sink relationship contributes more towards seed yield. The time from sowing to 
flowering is determined by the mean photoperiod and teniperature during the vegetative 
phase. The rate of progress towards flowering (t) is a linear function of temperature (0 
and photoperiod ( ~ 1 )  which can he expressed through an expreshion '1, = a t hc + cp where 
a, b, and c are constants which vary with genotype (Roberts 1'1 (11. IOXS). 
According to Robens and Summerfield (10X7). the rate of progress towards 
flowering rather than flowering time was beqt quantified by photoperiod and temperature. 
Eshal (1967), concluded that the effect of measured day length on shortening of the 
vegetative growth period was stronger than increased temperature. Studies conducted by 
Ellis cJ1 01 (19Y4), revealed that the time from sowing to flower initiation varied from 30 
to 160 days, a\ the mean pre-flowering temperature varied from 10.X to 20.3°C and the 
mean photoperiod varied from 11.3 to 15.6 h d '. 
A comparison of crop hearon\ under diverse climatic conditions, shows that under 
warm tropical conditions the combined effects of temperature, ~noisture, photoperiod not 
only shorten the total life span of the crop (the pre-flowering and post-flowering periods) 
but also result in poor yield. In cooler climate,, the prevailing climatic conditions 
increase the total crop duration (the periods of vegetative growth as well as seed 
development) which results in greater crop production. 
CHAPTER Ill 
MATERIALS AND METHODS 
Thih investipat~on was primarily aimed to establish relationships between the 
chickpea crop, the environment and A\cochyta blight caused hy A.\~,ochyru nrbici (Pass.) 
Lab. The studies were divided in thrre parts ic (a) tn establish on e~npirici~l relationship 
between climate and disease. (hl to investigate weather factor> influencing the disease 
cycle under controlled environ~iient. and (c )  to substantiate the impact of weather elements 
on the crop and disease in field exper~ments. 
3.1 ESI'AHI.ISHMENT O F  EMPIHICAI, KEI.A'I'0INSHIPS HETWEEN 
CI.IMATE AN11 1)ISEASF: 
3.2 1,AHOHA'I'OKY EXPERIMENTS 
3.1 E:STABI.ISHMENT OF EMPIHICAI. KE1,A'I'IONSHIPS HETWEEN 
CLIMATE AN11 I)ISEASE 
In this study daily meteorological data from the meteorological observatory of 
department of Agricultural Meteorology s~tuated at the experimental research farm of 
Punjab Agricultural University. Ludhiana (30" 54' N, 7.5' 48' E and at an altitude of 247 
m above mean sea level) were collected for the last 25 years (1970 to 1994). The 
variables included were maximum. minimum and mean air temperature: maximum, 
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minimum and mean relative humidity (rh), sunshine duration, rainfall and rainy days. The 
data on Ascochyta blight for the corresponding period were obtained from a chickpea 
pathologist in the department of Plant Breeding, Punjab Agricultural liniversity. Ludhiana. 
The disease data were ~.ollected on the experi~riental f u n  from naturally infected 
experimental plots. A scale of O to Y rating was used uniformly, where 0 means no 
disease and 9 means more than YO per cent d i~ease  (Appendix-I). The disease index (Dl). 
calculated by taking ratio of the actual rating to the maximum rating for each year, was 
used for further analysis. 
Weekly averages of temperature, rh and sunshine duration and weekly totals of 
rainfall and rainy days were calculated from the first standard meteorological week 
iSMW) (beginning from 1st January) to seventeenth SMW (ending on 29th April). This 
period covered the active vegetative growth, reproductive anti ~naturity phahes of the crop. 
3.1.1 Coefficients of correlation 
Correlations between meteorological elements and the terminal disease index of 
the corresponding years were obtained for each variable and each week to generate a 
window of disease-favourable weather. The disease favouring weather elements were 
segregated for further processing using the computer software STATlSTlX (SX). 
The weather elements viz maximum temperature and evening relative humidity 
falling in the disease favourable window (Table - I )  were aggregated (with each year over 
25 years period) f9r the period 9 to 14th SMWs in which regularly significant coefficients 
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of correlation were obuined. The aggregated values of these two weather variables were 
again correlated to find out any change in the coefficients. Evening relative humidity and 
maximum temperature falling in the window were convened in to a single variable for 
each year by taking ratio of evening relative humidity and corresponding msxi~num 
temperature. A correlation was carried out between this new variable referred to as the 
humid thermal ratio (HTR), and disease. 
3.1.2 Fitting the curve 
The most favourable weather factors v i z ,  maxinium temperature, minimum relative 
humidity and HTR were plotted againjt disease index (ratio of actual rating to maximum 
rating) to vijualisc the shape of the curve$ and the most appropriate equations were fitted 
v i z ,  a straight line for temperature verses disease index, an asy~nptc~tic exponential 
function for evening relative humidity and a quadratic function for humid thermal ratio 
(HTR). 
3.2 LABOKATOKY EXPEKIMI.:N'I'S 
The laboratory study was divided into a number of short duration experiments in 
which wetness and rh requirements for the infection process were studied on 15 days old 
chickpea plants. These were raised in m a l l  pots (5 x 5 x 5 cm) filled with 50 per cent 
loam, 25 per cent sand and 25 per cent compost. The medium was steam sterilized and 
placed in a glass house where temperature ranged between 20 and 28°C (Plate 1). Four 
seeds were sown in each pot and two plants were retained for the experiments. Each 
'* ;a 1Y 
Plate 1 Ch~ckpea plants growlrlg In a qlass house 
Plate 2. Chickpea plants provided with wetness in a dew chamber at 20°C 
experiment was repeated for four times to confirm the results. 
3.2.1 lnwulum standardisation 
This experiment was conducted to standudise the inoculum require~ne~it for 
subsequent experiments. The culture of A .  ruhiei race I I was multiplied on water soaked 
and sterilised chickpea seeds (at 15 psi for 20 ~ninutes in an autoclave). One week old 
pycnidia containing pycnidiospores were washed with distilled water by stirring for 10 
minutes after adding a few tirops of Tween XO wetting agent (polyoxyethylene sorbitaa 
mono-oleate) and filtering through ~nuslin cloth. The spore concentr;~tion was checked 
with a haemocytometer and dilutionr were made to obtain the desired concentration. 
The 15 days old chickpea plants were inoculated with pycnidiohpore quspensions 
of 1.25 X lo'. 2.5 X 10'. 5 X 10'. 10 X 10' and 20 X 10' \pore\ ml ' .  The spore 
suspension was sprayed with a plasti~. atomizer, ensurit~g that both sides of the leaves 
were co~npletely wet. Inoculated plants were placed in dew chamber!, at 20°C for 24 h.  
The dew chambers were based on the design of Clifford (1973) with a cool outer cabinet 
and heated water bath in the inner chamber. The temperature of the inner chamber was 
controlled by switching on the water bath heater only when air temperature at plant height 
was below the set value. This resulted in the temperature always remaining within 0.5"C 
of that required. The temperature sensor was a thermocouple attached to a data logger 
(CR 10, Campbell Scientific lnc., Logan. UT. USA). A Randomired Block Design (RBD) 
was used to account for variation due to external factors by replicating the treatments four 
times (Plate 2). After 24 h the plants were moved to controlled environment growth 
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cabinet (Conviron Model CG 101 1. Winnipeg. Canada). %here the photosynthetic photon 
flux density (PPFD) was about 450  micro-mol ni's and the temperature and rh were 
constant at 20°C and 8.5 per cent respectively. During night, lights were switched of f  for 
12h, keeping other conditions similar to that of day. 
The plan6 were observed daily to find out the time taken for first symptom 
appearance and the percent dihease iritensity was observed at seven day ititrrvals. The 
concentration o f  the inocululn producilig [moderate disease was selected for subsequelit 
experiments. 
3.2.2 Effect u f  wetness on germination and penetration 
In  this experiment, six treatmenrs of 0, 2. 3. 4. 6, 12, I X  and 24 h wetness at 
20°C temperature were imposed in a dew chamber on 15 day\ old chickpea plants 
inoculated with a concentration of 10 X 10' spores ml.'. The inoculu!n was prepared just 
before inoculations from a week-old culture using the techniques described above. 
The plants were moved to the dew chamber to ensure wetness and to the growth 
chamber for periods of dryneh9. After providing the required treatments, the planih were 
finally moved to the growth chamber for cymptoln appearance. 
Four leaflets from each o f  the 2nd, 3rd. 4th and 5th leave\ were detached for 
microscopic observations of germination ~ n d  penetration for each treatment. Samples were 
collected at 0, 3. 6, 9. 12, IX, 24, 36, 42, 4X and 54 h interval from the beginning of the 
experiment. 
Plate 3.  S s ~ ~ o i n g  alcctron micrographs of [a) pycnidiobpores. (bl gcrmlnlting pycnldiosporc~, [ e l  
pycnidiorporer with long g.rm.tuba nnd [dl pyenidio8porsr withtypically swollen and elongatad germ. 
tube 
Plate 4.  Scanning electron micrograph of (a) germlnatad pycnldlospora with gerrn.tuba movlng sway from 
stomata, (b) elongated germ.tube In search of suitsble place for penetration. (c) pycnidiospore 
producing germ.tuber on both sods, one end of whlch is abaul to penetrate in the host and Id) 
pycnidiospors lying on stornatal wall with germ.tubr p.ne1at.d through tha cuticle 
Plate 5 Ch~ckpea plants with a f~lni of free water in a dew chari~bor 
Plate 6. A close view of wetness on chickpea plants 
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The detached leatleta were ohservccl under sci~nning rlcctron ~iiicroscope (SEM) 
to confirm the identity of unfernlindted, ger~nitlated and penelrated spores (if A .  u~hiei  
(Plate 3 and 4) because the identity of these stages were not clearly explained in available 
literature. Samples were also taken to the laboratory and cleared by dipping in acetic acid 
and alcohol solution for 4 h. The cleared leaflets were washed in running water to remove 
acetic acid and alcohol solution. The leaves were then suh~ilersed in cotton hlue dye to 
stain the fungus. The stained leaflets were examined under a light microsccipc with a I0 
x 40X tnicroscopic field. Five tnicroscopic fields with one hundred spores in each field 
were observed and the number of gerniinated spores and host penetrationr wcre recorded. 
The plants were alscl cih\erved regularly aficr 011e wcek to  note the firrt appearance 
of jymptoms and per cent dise.~w ~ntcn\ity. They wcre then moved to the g l a r  house. 
3.2.3 Effecl of welness duration on the disease 
In t h ~ s  experiment, six treatments of 2. 4. 6, 8. 10, 12. 18 ant1 24 h wetness at 
2U"C temperature were imposed in a dew chamber using R B D  design on 15 day old 
(inoculated) chickpea plants (Plate 5.6). The plants were inoculated with a I0 X 10' 
spores m l '  suspension from a seven day-old culture. The inoculum was prepared just 
before inoculations using the technique\ described above. 
The plants were moved to the growth chamber after completion of the treatment 
and were kept in the same design as in the dew chamber (Plate 7).  The plants were 
observed regularly to note the first appearance of disease symptoms. On the sixth, 
7 Ch~ckpea pldntq uridrr obqervnt~on for symptom devulopnient ~n 
growth ch,lrribrr 
Plate 8. Chickpea plants in a growlh chamber with Ascochyta blight symptoms 
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reventh, eighth and ninth day after i~ioculation, each leatlet was ohserved carefully 
(except the top leaf which appeued after inoculation) ;111ti the percelitilge of necrotic area 
induced by the pathogen was ;~sres\ed for each leaf (Plate 8 ) .  The ciisease intensities s o  
asressed. were aggregated for each plant and recorded as per cent disease intensity for 
that day. In !he first experiment, it war ohsewed that the disease did lint increase further 
seven days, so in wbsequent experiments ohservations were recorded on the seventh day 
after the inoculations. The plants were re~iioved to glass house after recording disease. 
3.2.4 Effect of leaf dryness on Asc~rhy ta  hlight 
In thlr experiment, inoculated plants were exposed 10 six treatments of 0, 0.5. 
2. 4, 6 and X h drynehh at 20°C temprrature and X 5  per cent rh in plant growth chamber. 
The pla~its with 0 dryne~s were placrd in dew chamher im~iiediately after inoculatio~i arid 
those in other trratlnents were dried unctrr a fan M o r e  expoture lo respective treatments. 
The plants were moved to the dew ch;~mher nftcr the requirerl period ant1 then 24 h 
continuous wetne\s war appl~ed to each treatment. The pots were kept in the aame design 
da in the growth chamber. After 24 h wetneas, plantr were again movetl hack to the 
growth chamber for $ymptom appearance. 
The plan~s were observed regularly to note thr first appearance of jymptoms and 
disease intensity (X) wa6 recorded on tach plant after \even day+ as dercribed earlier, 
The plants were then moved to the glass house. 
Plate 9 Ch~ckpea plants In control l~d hum~d~ty  chambers at d~lferer~t hum~d~ ty  
levels 
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3.2.5 Effect of relative humidity 
The effect of relative humidity was studied in chatiihrrs (Plate 9). housed in a 
basement room. The air temperature of the roo111 war ~iiain~ainrd at 24°C with an 
evaporative cooling systeln. The chamhers were 15(L) X 13 (W) X 24 (H)  cln glass 
storage vessels inverted and sealed to a flat surface covered with la~ninated plastic. The 
base of each chamber was re~novable to insert a plant ;ind the base of each plant stem 
was sealed with Blue-tac (Bostic Lki. Le~cester. 1IK).  
Each chamber was supplied with moist and dry air niixed in an appropriate ratio 
to achieve the desired humidity. The plant chamhers were used to study the effect of high 
rh on infection caused by A .  mhi(,i resulting in chickpea blight. The inoculated plants 
were dried under a fan to remove wetness and then cxpo\etl to 011. 02. 0.5. OX. 00 and l(10 
per cent rh continuously for JX h, The plant5 were then transferred tri the controlled 
environment chamber for \ymptom appearance. As in earlier experiments, the first 
appearance of symptoms and the d i \ e a e  inten\ity were obwrved. 
3.2.6 Effect of light and dark period 
This experiment was conducted in a growth chamber in which the temperature war 
controlled at 20°C and rh at X5 per cent. The plants were given 3 treatments viz .  (i) 12/12 
h light and dark periods, (ii) 24 h dark followed by 12/12 h light and dark and (iii) 48 h 
dark followed by 12112 h light and dark. The plants were kept in a 30 X 30 cm plastic 
aay  containing free water and covered with polythene bags to maintain nearly saturated 
moisture conditions. Transparent bags were used to provide light to the plants and black 
Platp 10 Ch~ckpea plants 1r1 the dark and l~ght 
Ptate 11 Ch~ckpea plants w~th Ascochyta bl~ght symptoms 
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coloured polythene bags were used to keep t h ~  plants in the d u k  (Plate 10). 
The plants were kept cont~nuously in the growth ch : l~nk r  ;~fter co~npletion clt' the 
treatments and were observed regularly to lnote the first appeuance of the disease 
symptoms and disease intenrity ('hi on e;ch plant after seven days (I'lilte I I ). The plants 
were then moved to a g l a ~  houre. 
3.2.7 Sporulation study 
In  this experimrnt. inoculotect plants wcrc pl;!ccd ill a drw cliil~tiher for 24 h and 
then ~noved to a growth cabinet set to 20°C and 8.5 per cent rh. Symptoms i~ppeared after 
5 days and pycnidia (black dots of pin head size) were ohservetl on tlie leaves. 
The tiireased plants in one treatment were kept in the growth cabinet at 8.5 per 
cent rh. A wand \el of diseared plants was given the treat~ncnt of weftless and were 
moved ro a dew chatiiber. A thud \et of disea\ed plant5 war provitled high rh by 
covering with uan5p;irrnt polythenc in a way containing free water. A fourth set o f  
diseased plants war covered with black polythenr in tray containing free water. 
'The two leave? with the highest disease ~ntenrity were marked on each plant in 
all the treatments and number of pin head size pycnitlia were counted daily on each 
leaflet using a stereo-m~crotcope. Two other leave5 lrotn each treatment were detached 
and the spores were dispersed in a known volume o f  water using a stirrer. The spore 
suspension, so obtained, was observed under a light microscope and the number o f  spores 
were counted using a haemocytometer. The residue left after filtering the suspension was 
again stirred in known volume of water and obsetved under microscope. Interestingly no 
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spore was detected in the second su,pension. confir~ning that no de~achable spore was left 
in host tissue. This process war repeated each (fay for X days when ~ i u ~ n b e r  of pycnidia 
and pycnidiospores stopped increasing. This experiment was repeated twice to co~ifirm 
the results. 
3.3.1 Site 
The field experi~nents were conducted, within the vicinity (radiur of 100 m) of the 
meteorcllogical ohvervatory (\itunfed ;it 30" 54' N anti 75" 4X' E :it ;in ;~ltit\~de of 247 111 
above Inearl sea level) of departnient of Agricultural Meteorology, Punjab Agricultural 
liniverhity. Ludhiana, during rcihi sea\cin of 1003.04 and 1004-05. 
3.3.2 Climate 
Thi, area i \  chardcteri\cd by hubtropical, herniarid climate with very hot summers 
from April to June and cold winters frnm Drcelnher to January. The average annual 
rainfall at Ludhiane is 660 mln about 75  per cent of which i \  receivetl from July to 
September. The normal rainfall during the crop Aeajon (October lo April) ih  120 mm. The 
meteorological data for the ch~ckpea crop \ea\nn\ of 1993-04 and 1994-95 are presented 
in Figure$ I to 4. 

Fig.2 Insolation, sunshine, day length, 
rainfall and fog in rabi 1993-94 
Actual sunshlneldav length/days Ra~nfa l l / l nso la t~on(MJ/m ) 
7 21 35 $9 6 3  r7 9: 1C5 7'9 733 147 161 175 189 
Days af ter  sowing ( 3 A S )  
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Fig.3 Air temperature and relative 
humidity in rabi 1994-95 
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The experiment$ were conducted on a loa~ny hand with 88. 1.4 and I l l . 6  per cent 
sand, silt and clay respectively. The bulk density of the soil was 1.44 p cm ' and the field 
capacity was 22.8 cm m '  in the top 15 cni. The pH of the \oil u;lh 8 . 2 ,  the EC was 0.12 
ds m '  and the CEC wa\ 4.18 me (IOOp)'. 
3.3.4 Cropping history of the field 
The cropping history of the field i\ give11 below: 








NW: Natural infecliun with additional wetnesq 
In the case of the second treatment. the plots were neither sublected to inoculutil 
spray nor to the chemical spray. The plants were expohed to ~iatural infection and were 
observed regularly to assess disease, if any. 
CW: Chemical control with additional wetness 
In this aeatment, the plots were sprayed to ctinlrnl the disease. The contact 
fungicide Kavach (Cholorothelonill was sprayed @ 5OOg h ; ~  ' in 2511 1 of water at weekly 
intervals to prevent the pathogen fro111 cauhing infect~ori. 
All the plots under the treatrrient IW. NW and CW were provided with conti~iuous 
wetness for one week from the date of inoculation uving rotating sprinklers and dihease 
obaervations pertaining to the primary infection (cycle) were recorded. After the fir\t 
wetness cycle of seven day\, the plilnts were expored to tiatural weuie\\ coriditions for 
two weeks and thereafter continuou\ welne.;.; wah provided for seven more day.;. Then the 
secondary infection (cycle) of the di.;ease was recorded. 
I: Artificial inoculation 
Another set of four randomly $elected plot\ were inoculated using 1 X 10' 
pycnidiospores ml.'. The inoculum waa \prayed In the evening at around IXOO hrs when 
dew began to wet h e  foliage. These inocularion.; were also carried out on 1st March, 
1994 and 21st February. 1095 using a knap\ack \prayer and taking care to prevent 
inocululll dlift from the treatment plot to the adjoining plots. 
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N: Natural infection 
In the case of this treatment, the plots were neither subjected to the inoculu~n 
spray nor to the chemical spray. The plants were exposed to natural infection and were 
observed regularly for disease assessment. 
C: Chemical control 
In this treatment the plots were sprayed to control the disease. A contact fungicide 
Kavach (Cholorothelonil) was sprayed @ 500 g ha" in 250 1 of water at weekly intervals 
to prevent infection by A .  rahiei 
The plots under I, N and C treatments were only exposed to natural wetness. 
3.3.6 Cultural operations 
3.3.6.1 Preparation of the field 
The exper~mental field (dry) was ploughed twice with a disc harrow and then a 
pre-sowing flood irrigation was applied. When the moisture reached field capacity, the 
plot was cultivated and planked to sow the crop. 
3.3.6.2 Fertilizer application 
Diammonium phosphate (DAP) and Urea were applied to provide 15 kg N h a  and 
20 kg P,OJha at the time of sowing as per PAU recommendations. 
3.3.5 Treatments  and  experimental details 
Design: Randomised Block Design (RBDI 
Treatments: h (Six) 
IW: Artificial inoculation with additional wetness 
NW: Natural infection with additional wetness 
CW: Chemical control with additional wetness 
I: Artificial inoculation 
N: Natural infection 
C: Chemical control 
Replications: 4 (Four) 
Gross plot size: X X 6 m 
Net plot size: 7 X 5 m 
IW: Artificial inoculation with additional wetness 
Four randomly selected plots were inoculated using 1 X 10' pycnidiospores ml". 
The inoculum was sprayed in the evening at around I800 hrs when dew began to wet the 
foliage. The inoculations were done on 1st March, 1994 and 21st February, 1995 using 
a knapsack sprayer taking care to prevent the inoculum drift from the treatment plot to 
the neighbouring one. 
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3.3.6.3 Method of sowing 
The crops were sown on October 22. 1993 and October 26. 1994 by using a seed 
rate of 92 kgiha. The seed (cv L-550) was drilled at 5 cm depth keeping row to row 
spacing 30 cln and plant to plant spacing 5 cm. 
3.3.6.4 Irrigation 
During both the crop seasons, a post-sowing irrigation of 75 nim depth was 
applied during the first week of January. 
3.3.6.5 Hoeing 
Two hoeing were done at 30 and 60 days after sowing (DAS) to check the weeds 
during crop seasons of 1993-94 and 1994-95. 
3.3.6.6 Harvesting 
The crop was harvested manually on same date ie April 24, in both IY(14 and 
1995. 
3.3.7 Meteorological observations 
The observations were recorded daily as well as diurnally. Air temperature, rh and 
leaf wetness duration were recorded within the crop diurnally from mid-February to mid- 
April. Daily observations viz, maximum, minimum air temperature, morning and evening 
rh, solar ~adiation, sunshine duration, rainfall and foggy conditions were recorded on the 
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3.3.7.5 Rainfall 
Rainfall was recorded in the meteorological observiitory with the a manual rain 
gauge. 
3.3.7.6 Foggy conditions 
The presence of fog was recorded daily at 0730 h during the crop seasol1 on the 
basis of visibility. 
3.3.8 Observations on disease progress 
Five randomly selected areas of I m2 in each plot were observed daily for disease 
incidence and intensity using a 0 - Y disease scale . These data recorded in mid-March 
were considered to be disease data of first infection cycle. The second and final disease 
data were recorded in mid-April in both the crop seasons. 
3.3.9 Crop  characteristics 
3.3.9.1 Phenological studies 
3.3.9.1.1 Date of emergence 
Complete emergence was recorded by counting daily, the number of emerged 
plants from two randomly selected sites of one metre length in each plot. 
3.3.9.1.2 Date of flowering 
The date of first flower appearance was recorded in the experimental plots to 
identify the beginning of the reproductive stage. 
3.3.9.1.3 Date of pod formation 
The date of first pod appearance was recorded in each plot when the first pod was 
visible. 
3.3.9.1.4 Date of seed setting 
After pod formation, five pods from each plot were collected daily ; ~ t  random and 
the date of seed setting was recorded. 
3.3,9.1.5 Date of full seed formation 
Pods from each plot were picked at random to record the date of full seed 
formation. 
3.3.9.1.6 Date of leaf drying 
The date when 90 per cent of the leaves became dry was recorded 
3.3.9.1.7 Physiological maturity 
The date of physiological maturity was recorded when 95 per cent of the pods 
became dry and seeds became hard (they could be crushed with teeth but not with nails). 
meteorological observatory of the department of Agricultural Meteorology. 
3.3.7.1 Air temperature and relative humidity 
The maximum and minimum air temperature, dry and wet bulb temperatures were 
recorded using thermometers with India Meteorology Department (IMD) specifications. 
These thermometers were installed in a Stevenson's screen at 1.2 m height above the 
ground. These variables were recorded at 0730 h and 1430 h. 
3.3.7.2 Leaf wetness duration, air temperature and relative humidity in the crop 
Three microclimatic variables viz. leaf wetness, air telnpereture and rh were 
recorded by installing two portable leaf wetness recorders (Belfort Inst. Co.) within the 
crop canopy at half its height. One leaf wetness recorder was installed in the plot with the 
IW treatment and another with the N treatment. 
3.3.7.3 Solar radiation 
Solar radiation was measured with a tube solarirneter (Delta-T Devices, U.K.) 
installed at 3 m height. The measurements integrated over 42 h were recorded daily at 
0830 h. 
3.3.7.4 Sunshine duralion 
Sunshine duration was recorded with a sunshine recorder (Campbell Inst. U.K.) 
3.3.9.2 Growth Characters 
3.3.9.2.1 Plant population 
The final number of plants in four rando~nly selected one meter lengths of row 
were recorded in each plot at harvest. 
3.3.9.2.2 Plant height 
The height of six plants agged at random in each plot was recorded at fortnightly 
intervals. Plant height was measured from the ground surface to the tip of the topmost 
leaf of the tallest branch of each plant. 
3.3.9.2.3 1,eaf area 
Leaf area was measured with a leaf area meter (LI COR 300 DA) and the leaf 
area index was calculated by dividing the leaf area by the ground area. 
3.3.9.2.4 Dry matter partitioning 
Three randomly selected plants were taken from a one meter row length of the 
second row in each plot. For each subsequent sampling at fortnightly intervals, the next 
one meter row length was considered to take 3 plants at random. Dust free above ground 
parts of these harvested plants were separated into leaves, stem t branches, pods and 
seeds and their dry weight was recorded after drying at 70°C for 48 h. 
3.3.10 Pot experiments 
Pot experiments were conducted during the 1994-95 crop season. Chickpea plants 
were raised in 6 X 14 cm polythene bags filled with ti ~iiixture of sand, silt and clay in 
the ratio of 30, 50, and 20 per cent respectively. In each pot. 5 seeds were sown and 
finally four plants were retained. 
One set of 10 pots with one month old plants were inoculated with a I X 105 
spore suspension of A ,  rahici. prepared with the method described earlier. Another set of 
10 pots was kept un-inoculated. These two sets were placed in the chickpea plots for one 
week under the field conditions. After one week the inoculated plants were removed to 
dry conditions with a favourable temperature. The un-inoculated plants were kept in wet 
and high humidity conditions for a one week duration. The first appearance of disease 
sytnptoms was recorded and one week later the disease intensity on one plant in each pot 
was recorded. This experiment was ~tarted in the second week of January and continued 
until the second week of April. 
3.3.11 Statistical analysis 
Analysis of variance for reaction of A ,  rahiei to different environments and its 
impact on various growth characters of the chickpea crop were presented in following 
manner: 
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Source of variance Degree of Freedom Mean Souare - F ratio 
Replications R -  I M ,  M , N ,  
Treatments T -  l M2 MdM, 
Error (R - l)*(T - I) M I  
Total R*T - I 
3.11.1 Coefficient of correlation 
The coefficients of correlation among different variables were calculated following 
the method suggested by Snedecor and Cochran (1967) using the formula: 
Coefficient of correlation = Sum XY 
[(Sum X2)(Sum Y2)Jn' 
Where 
X = one variable 
Y = another variable 
3.11.2 Regression analysis 
Simple regression analysis was carried out as suggested by Panse and Sukhatme 
(1978). The formula used to calculate the regression coefficient (b) was: 
Where 
X = Independent variable 
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Y = Dependent variable 
The quantity Sum((Y -Y)*(X -m) denotes the sum of product of deviations of 
X and Y from the respective means. Sum(X -r)' denotes the sum of squares of deviation 
of X from the mean of the independent variable. 
The underlying relation between Y and X in a bivariate population was expressed 
in the form of a tnathematical equation which presents the regression of the variate Y on 
the variate X. For a linear relationship, the equation takes the form: 
Y = a + b X  
Where 
Y = Expected value of the dependent variable (Y)  
corresponding to any given value of the independent variable (XI. 
The significance of the regression coefficient (b) was estimated by calculating the 
t value using the formula: 
t =  b 
S.E. of b 
The significance of b was tested from t values at (n-2) degrees of freedom. 
Multiple regression equations were fitted with the help of partial regression 
coefficients of disease reaction on the plant characters. The following simultaneous 
equations were used in the solution. 
b,t,, + b,t,, + b,t,, + .............. brt,, = t,, 
b,t,, + b2t2  + b,fi t .............. br% = f v  
b,t,, t b2$, t b,$, t .............. b,$, = t,, 
Where 
p = Number of independent variables accounted for in calculation 
t,, 4, .... t,,, = Variances of the independent variables. 
t t . t = The covariance of the independent variables 
among themselves 
t,, by ..... tpy = The covariance of the independent 
variables (X) with disease reaction (Y) 
b, b, ..... b, = Partial regression coefficient of the dependent variable (Y) 
on the independent variable (X) when the effects of another 
variable are kept constant 
The standard error (S.E.) of partial regression coefficient 
was worked out by the formula: 
S.E. of b, = (SkC,,)"' 
Where 
S2 = Residual variance 
C,, = The ith diagonal vector of the inverse matrix 
The significances of the partial regression coefficients were tested using t tevt as 
in case of simple regression coefficients. 
Multi-regression functions with more than two variables can be expressed as 
dependent variables in terms of independent variable by means of a linear equation. 
Where 
a = Y - (b,X, t b2X2 t ...... b,X,) 
Ye= Expected diaeaae reaction 
Y = Mean disease reaction of population 
The efficiency of the multiple regression equation was cillculated by the for~ilula: 
Coefficient of determination (R') = S.S. due to regression 
S.S due to diseese reaction 
XY 12 ...p was tested for it$ significance using Fisher's "r" table at (n-p-I) degrees 
of freedom at the 5 per cent level of significance. 
The exponential function$ were fitted by converting the dependent variable in 
natural logarithmic values and then a simple regression equation [Y = exp(a t bX)] were 
fitted. 
Second degree polynomials [ Y  = a t bX t cX1] were fitted by taking the square 
of the independent variable and using it as a second variable in a multiple regression 
equation [Y = a t bX, t cX,]. 
An asymptotic regression (Y = a - b*ec? function was fitted by putting maximum 
limit in a function and then simplifying in the terms of the logarithmic values and fitting 
a simple regression equation. 
CHAPTER-IV 
EXPERIMENTAL RESULTS 
Results of the empirical study and experiments conducted in the laboratory at 
ICRISAT in 1994 and in the field during rnhi seasons of 1993-94 and 1994-95 and are 
presented in this chapter. 
4.1 EMPIRICAI, RELATIONSHIPS RETWEEN METEOROI,O(;ICAI, 
ELEMENTS AN11 ASCOCHYTA RI.IC;HrI' 
4.2 LAHORATORY EXPERIMENTS 
4.3 FIELD EXPERIMEN'SS 
4.1 EMPIRICAI, RELATIONSHIPS RETWEEN MEI'E:OROLO(;ICAI. 
EI.EMENTS AND ASCOCHYTA RI.I(;HrI' 
4.1.1 Coefficient of Currelation 
Correlation coefficients between disease index (Dl) and each of the meteorological 
variables are presented in Table 1 
4.1.1.1 Temperature 
A significant correlation was found between the disease index (Dl) and minimum 
air temperature only in the 7th SMW. With maximum air temperature, however, there was 
a negative and significant correlation for each week between the 9th and 14th SMW. This 
shows that with an increase in maximum temperature, there will be a decrease in the 
Table 1: Coefficients of correlation between meteorological elements and Ascochyta 
blight of chickpea using 25 years (1970-10114) data 
Met. Temoerature("C) Relative Hutniditv('/cl Sunshine Rainy Total 
Weeks Minimum Maximum Minimum Maximum Duretion(h) Davs Rain(tntn1 
17 -0.06 -0.24 0.22 0.29 -0.03 -0.01 0.14 
Average -0.15 -0.85 0.89 0.63 
of 9-14 
SMW 
Humid Thermal Ratio (HTR): 0.90 
Figures in italics are significant at 95 per cent confidence interval 
Bold figures indicate the continuity of significance 
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4.1.1.2 Relative humidity 
There was a positive and significant correlation between diszase index and 
minimum rh for each week ffom 6th to 14th SMWs. Correlations were not1 significant 
from the 1st to 5th and 15th to 17th SMW. Then were positive and significant 
correlations between disease index and maximum rh for each week from the 2nd to 12th 
SMWs except for 6th and 8th SMWs. It shows that increase in rh will have a favourahle 
effect on disease. 
4.1.1.3 Sunshine duration 
There was a significant and negative correlation between disease index and 
sunshine duration only for the 6th. 7th, 9th and 1 I th SMWs. 
4.1.1.4 Rainfall 
Significant and positive correlation between diseaae index and total rainfall was 
observed for the 1st. IUth 12th and 16th SMWa. A significant and positive correlation 
was obtained between disease index and rainy daya only for the Ist, 9th and 12th SMWs. 
The reasonably high correlations between disease and both maximuln temperature 
and minimum rh were consistent from the 9th to 14th SMWs, so these two variables were 
selected for funher analysis. 
The coefficient of correlation between disease index and maximum temperature 
(averaged from 9th to 14th SMW) was -0.85 and between disease index and minimum 

Fig.5 Effect of maximum air temperature 
on Ascochyta blight at Ludhiana 
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Fig.6 Effect of relative humidity on 
Ascochyta blight at Ludhiana 
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Fig.7 Combined effect of humidity and 
temperature on Ascochyta blight 








i I I I I I _ _ I 1  I 
1 1.2 1 . 4  1 . 6  1 . 8  2 2 .2  2.4 2.6 2.8 3 3.2 3.4 3 6 
I-lumid thermal  ra t i o  ( H T R )  
44 
rh (averaged from 9th to 14th SMWs) was 0.89. 
Two important variables viz maximum temperature and minimum rh (day time) 
from 25th February to 8th April were identified to be most crucial for disease 
development. The two variables were significantly correlated with each other, so could 
not be combined in a bivariate regression model because the effect of ~nulticollinearity. 
To  overcome this problem, a ratio of the evening rh and corresponding maximu~n 
temperature was worked out to obtain a humid lhermal ratio (HTR) which combines these 
two important variables. The coefficient of correlation between the dihease and 
HTR was 0.90. 
4.1.2 Fitting the Curve 
Values of disease index (Dl) were plotted against ~ n a x i ~ n u ~ n  temperature, tninitnum 
rh and the humid thermal ratio (Fig.5, 6, 7) and appropriate functions were selected to fit 
the data. 
The relationship between the disease index and maximum air temperature was 
linear and a straight line i.e. D l  = 5.17 - 0.17S1TMX explained 72 per cent of the 
variation in the disease (Fig 5 ) .  
The relationship between Dl and the evening rh appeared to be exponential so an 
asymptotic exponential function i.e. DI = 1.30.94*e~p'-".""'~ was fitted. This 
explained 85 per cent of the variation in Dl (Fig.6). 
Similarly the relationship between DI and HTR appeared to be quadratic 
i.e. DI = -4.28 t 4.69bHTR - I.05*HTR2 and this function explained 93 per cent of the 
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variation in Dl (Fig.7). 
The strength of the relationships between Dl and each of the above mentioned 
meteorological variables indicated by the coefficient of determination (R') were 0.72, 
0.85 and  0.93 respectively. These functions can be used to identify appropriate ranges 
of each of these variables which favour the disease. 
The favourable range of the maximum temperature for the disease in the 
central plain region of Punjab was observed between 25 to 2X°C. The range of 
evening rh favouring the disease in this region was > 40 per cent. These two 
variables when combined as  HTR favoured the disease in the range of 1.3 Lo 3.3 
(projected from 2.5 to 3.2) with a maxima a t  2.3 (Fig. 5 to 7). 
4.2 LABORATORY EXPERIMEN'I'S 
Laboratory experiments were conducted to study germination, penetration, 
sporulation snd survival of pycnidiospores and its impact on disease progress under 
different environments. The host and pathogen were exposed to varied duration of leaf 
wetness, dryness, light, darkness and different levels of rh. A constant temperature of 
20°C was maintained in all the experiments except that for high rh where the temperature 
remained constant at 24°C. 
4.2.1 Standardization of inoculum concentration 
Disease intensity increased with increase in spore concentration from 1.25 X 10' 
Fig.8 Effect of inoculum concentration 
on Ascochyta blight with 24 h wetness 
Disease Intensity (%) 
Spore concentration (Million/ml) 




spores ml'l to 2 X lo6 spores ml". Considerable increaae was observed at each of the 
spore concentration, whereas, 0.125 X 10' spores concenuation differed significantly from 
0.5, 1.0 and 2.0 X 10'; 0.25 X 10' differed significantly from 1.0 and 2.0 X 1 0 h n d  0.5 
X 10'and 1.0 X 10' differed significantly from 2 X 10h(Fig.X). On the basis of this qtudy. 
a moderate concentration of I X 10' $pore\ m l l  was used for all the laboratory 
experiments. 
4.2.2 Effect o f  leaf wetness duration 
The spore germination recorded after 42 h of inoculation with different wetness 
periods (Table 2) was only 0.7 per cent with 2 h of wetness but it increased with 
increasing wetness duration. A significant and linear increase in the percentage of spore 
germination was observed at each leaf wetness duration from 2 to 24 h (Fig.9). Spore 
germination with 24 h wetness was observed 12 h after inoculation and thereafter spore 
germination increased linearly reaching a maximum 52 h after inoculation (Fig. 10). 
The effect of leaf wetness on spore penetration is shown in Table 2. Spore 
penetration did not take place with 2 h of wetness and it was negligible with 4 h of 
wemess. Thereafter a significant increase in spore penetration was observed at each 
wemess interval from 6 to 24 h except between 6 and 12 h of wetness. Spore penetration 
ranged from 1.9 with 6 h of wetness to 11.0 per cent with 24 h of wetness. Spore 
penetration followed similar trend to spore germination but the magnitude of penetration 
was about half that of germination (Fig.9). 
Thc effect of leaf wetness duration was studied at 20°C. The results showed that 
Table 2: Effect of leif wetneas duration on spore germination and penetration on 
live chickpea plants 
Wetness Spore Sporc 
Duration (h) Germination (%) Penetration ('%) 
.............................................................. 
.............................................................. 
CD (p=0 .051  0.69 0.66 
CD is critical difference 
Table 3: Effect of leaf wetness duration on Ascochyta blight 
disease intensity. 
Wetness duration lh) 
2 3 4 6 8 10 12 18 24 
mrimont 
4 0.00 0.20 5.20 13.6 26.2 26.1 32.7 29.5 36.6 
(0.85) (0.88) (2.38) (3.75) 15.17) (5.16) (6.76) (5.48) (6.09) 
Mean (0.78) (0.88) (1.96) (4.22) (5.44) (5.70) (6.10) 16.351 (6.78) 
CD (p-0.05) 1 0.58. 
Figures in parenthesis are(X+0.5)"5 transformed values of 




with 2 h wetness, infection by A .  rohit,i did noi take place (Fig, 11). With 3 h of 
wetness, infection was slight and the disease appeared in trace*. The figure also i~ldicates 
that with less than 4 h wetness duration the disease development was negligible. When 
the wetness duration increased beyond 4 h the disease increased rapidly and approached 
a plateau by about 18 h. The difference of mean of the diseese observed under 2 ;itid 3 
h, 8 and 10 h, 10 and 12 h, 12 and 18 h and 18 and 24 h of wetness was noti significant 
(Table 3). 
4.2.3 Effect of dry period 
The effect of leaf dryness immediately after inoculation with wet inocululn waa 
studied and the results are precented in Table 4. Maximum disease inte~isity (44.2 '70) was 
observed with no dryness (24 h weblesb) and thereafter there was a linear decline up to 
8 h dry period. The decline in the disease was significant at each dryness level from 0.5 
to X h (Fig.12). 
4.2.4 Effect of relative humidity 
The effect of high relative humidity (rh) on infection was studied in humidity 
chambers (Butler et (11. 1995) which where adjusted to YO, 92, 95 98, 99 and 100 per cent 
rh. The leaf surface were dry upto 98 per cent rh, however, some free moisture might 
have condensed on plant at 99 and 100 per cent rh. The results (Fig. 13) indicated that 
no infection occurred with less then 95 per cent rh. There was a large change between the 
disease intensity at 95 per cent rh (0.8 % disease) and that at 98 per cent rh (24.8 O/o 
Table 4: Effect of different dry periods after inoculation followed by 24 hours of 
wetness on Ascochyta blight of chickpea 
Experiment Dry period (h) 
- - - - . -. . -- - . -. -. . . . -- 
Number 0 0 . 5  2 4 6 H 
Mean 44.19 37.47 30.19 23.66 17.44 12.50 
C D ( p = 0 . 0 5 )  = 4.23 

Fig.14 Effect of light and darkness 
on Ascochyta blight 
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disease). Between 98 and 100 per cent rh, there was a steep linear increase in the disease. 
4.2.5 Effect of light and da rk  conditions 
The effect of light and dark conditions indicated that with an increase in darkness. 
there was increase in the disease intensity (Fig. 14). With a 12 h phoroperiod, there war 
37.1 per cent disease which differed significantly from the other treatments. With 24 h 
darkness followed by 12 h photoperiod the dihease intensity was 51.h per cent which was 
not significantly different to that with 48 h darkness, where 61.5 per cent disease intensity 
was observed. 
4.2.6 Effect of moisture and  darkness on spore production 
4.2.6.1 Density of pycnidia 
There were considerably more pycnidia with wetnesa than all other treetmenth. The 
wemess treatment showed a steep increase in pycnidial density for the first 4 days, after 
which there was little increase in pycnidial density indicating a non-linear trend IPy = 
1200 - 1636,146 exp(-0.54hX*WD), r = O.YX1 trend (Fip.15). A slight increaje in pycnidial 
density was observed up to seven days (from the beginning of treatments) in the other 
aeatments viz. 95 per cent rh and darkness, 95 per cent rh and 90 per cent rh. There were 
no significant differences between these treatments. The average number of pycnidia per 
leaf with the same treatments showed a similar trend (Table 5 ) .  
Table 5: Effects of wetness, high relative humidity and darkness on sporulation of 
A .  rubiei 7 days after application of treatments 
Treatments Number of Fvcnldia/Leaf Number of :;~ores;Leat 
(10') 
Expl Exp2 Average Expl Exp2 Average 
wetness 1115 1342 1229 5618 61174 5 8 4 6  
> 95 % RH 665 561 613 1004 1520 1262 
t darkness 




4.2.6.1 Density of pycnidiuspores 
The results on the effect of different treatments on the number of pycnidiospores 
per leaf are presented in  Figure 16. With wetness there was a steep increase in the 
number of pycnidiospores for the first three days of the treatment. Subsequently up to 
eight days, the rate of increase was slow. This indicated a non-linear increase IS = 6*1(IX -
7.43*108exp(-0.467406*WD). r = 0.991, With the other treatments there was little or no 
increase in the number of pycnidiospores with time. However, there were slightly more 
pycnidiospores with 925% rh +darkness than with 05 per cent rh and less with 00 per 
cent rh. 
Similar trends were observed for the average number of pycnidiospores per leaf 
with these treatments (Table 5 ) .  
4.3 FIELD EXPERIMENTS 
4.3.1 Disease progress under different treatments 
In 1093-94, the disease was observed at 140 DAS for the first infection cycle and 
at 160 DAS for the second infection cycle (Table 6). 
In 1993-94, no disease was observed at the time ot the first infection cycle without 
inoculation viz. NW, CW. N and C. A significant and high infection in the first cycle was 
observed with inoculation viz. I and IW, where disease intensities were X.0 and 30. 2 per 
cent respectively. 
In 1994-95, the disease was monitored at 137 DAS for the first cycle of infection 
and at 160 DAS for the second cycle of infection (Table 6). 
Table 6: Ascochyta blight intensity after first and second infection cycles 
~ r e a t m e n t  F i r s t  i n f e c t i o n  c v c l e ( % )  Second ~ n f e c t ~ o n  c v c l e ( % l  
1993-94 1994-95 1993-94 1994-95 
IW = Inoculated plots with additional wetness 
NW = Naturully infected plots with additionc~l wetne,\.\ 
CW = Chemically controlled plots with additioriul wc.tnrs,\ 
I = lnoculatcd pion under natural conditions 
N = naturally G$ectc.d plots under nuturul ru~id~tions 
C = Chemically controlhd plots under natural 1 onditions 
Figures in italics are Arcsine tansformed values of per cent disease intensity 
Table 6: Ascochyta blight intensity after first and second infection cycles 
Treatment First lnfectlon c y c l e ( % )  Second infection cvcle(R1 
1993-94 1994-95 1993-44 1994-95 
IW = lnoculated plots with additionul wetness 
NW = Naturally infrctrd plots with urldiliunul wetness 
CW = Chemically controlled plots with additionul wetness 
I = Inoculated plots under naturul conditions 
N = nuturally Dfected plots under nrrtuml conditions 
C = Chemically cot~trolled plot., under natural ~.or~dition.s 
Figures in italics are Arcsine transformed values of per cent disease intensity 
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In 1994-95, the disease appeared in traces in a11 treat~ile~lts except C and !W in 
the first infection cycle. With IW, there was significantly more disease (Ih.9  hall the 
other treatments and there was no disease in treatment C. 
In 1993-94, the disease appeared in traces without inoculatioli (treatments NW. 
CW, N and C) in the second infection cycle. Significantly more disease of 14.2 and 81.8 
per cent was observed with the inoculated treatments I and IW respectively. 
In 1994-95, there was significantly more (XY %) disease in the seconti infection 
cycle with treatment IW, than all the remaining treatments. In treatment C the disease 
appeared in traces. 
A comparison of disease intensities, both at the first infection cycle and the second 
infection cycle during the years lY93-94, and 1994.95 showed that in the first year the 
disease in the first cycle for IW and I remained significantly higher than the hecond year. 
The final observations of the disease during the second year of the experi~nent showed 
high disease intensity in all treatments except C. 
4.3.2 Disease progress under  variable wetness durations 
The disease intensity at the first and second infection cycle\ with different duration 
of wetness is presented in Table 7. 
As the period of wetness increased from O to 7 days, there was a clear increase 
in disease for both the first and second infection cycles. Five percent disease appeared 
with two days of wetness and with 3 to 5 days an increase ( 8  to 13 %) in disease for 
Table 7: Ascochyta blight intensity at the primary and secondary infection cycle 
under varied periods of wetness in field 
Spell-1 Spell-2 
Wetness Flrst cycle of Wetness Second cycle of 
period (day) infection'(%) period (day1 ~nfect lon' ( X i  
'Average of five points in a plot 
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primary infection was observed. With seven days duration of leaf welnehs, nlaxitnum 
disease (20 5%) was observed. 
For the second infection cycle, the disease was less than 5 %  under natural 
conditions, while, leaf wetness for one day increased the disease to 26 per cent. Afterward 
there was a consistent increase in the disease with the number of days of wetncss up to 
6 days, and with 7 days of wetness it increased to 86 per cent. 
4.3.3 Disease favouring period under field conditions 
In a potted plant experiment, chickpea plants were raised in polythene bags and 
13 different sets of 10 plants each at the age of one month were inoculated and exposed 
to natural weather conditions for one week each, beginning from 12.01.I9YS to 
17.04.1995. The incubation period (Table 8 )  showed a continuous decrease from 12 days 
to 4 days from the second week of January (12/l/lYYS) to the second week of April 
(10/4/1995). 
The coefficients of correlation between disease intensity and maxi~num, minimum 
and mean temperatures indicated that these temperature\ at Ludhiana are invervely related 
to disease during the chickpea growing season. The maximum temperature during 24 h 
immediately after inoculation gave the highest coefficient of correlation followed by 
subsequent 48 h and 168 h. These were -0.70, -(1.65 and -0.hO respectively. The effect of 
minimum and mean temperatures on disease, however, remained non-significant (Table 
9). 
The coefficients of correlation between disease and maximum, minimum and mean 
8: Disease intensity and incubation period of Ascochyta blight of chickpel 
plants exposed to different weather conditions in the field during crop 
season (1995) 
Ex~osure ~eriod Incubdt  ion Dlseast?' 
From To Days Perlod (Days) Intensity 
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'Disease intensity was recorded three weeks after inoculation 
Table 9: Coefficients Of ~OI'relation between meteorological variables (relative 
humidity and temperature) and Ascochyta blight under field ~.onditions 
~urationih) 
humidity ( % )  
of weather 
considered 
Averaae Temperature(OC) Averaqe Reldtlve 
Maximum Minimum Mean Maximum Minimum Mean 
Correlation coefficient with disease intensity 
Correlatiun coefficient with inc~~bation period 
Bold figures are significant at 5% levels of significance 
h l 
rh indicated that rh at Ludhiana is strongly related to disease during the chickpea grow~ng 
season. The maximum rh during the first 24 h, 48 h and 168 h after inoculation pave 
coefficients of correlation of 0.68, 0.61 and 0.70 respectively. The effect of minimu~n rh 
was greater than the maximum rh. The coefficients of  orre relation between the disease and 
minimum rh in the first 24, 48 and 168 h after inoculation were 0.84. 0.84 and 0.74 
respectively. The mean rh gave coefficients of correlation of 0.86. 0.85 and 0.76 
respectively (Table 9). 
The coefficients of correlation between the incubation period and maxi~nu~n.  
minimum and mean temperatures showed an inverse relationship. The maximum 
temperature in the first 24 h. 48 h and 168 h after inoculation gave coefficients of 
correlation of -0.86, -0.X5 and -0.90 respectively. The minimutn temperature during the 
first 24 h, 48 h and 168 h gave the coefficients of correlation of -O.XY, -0.XO and -0.79 
respectively. The mean temperature during the first 24 h, 48 h and I6X h gave coefficients 
of correlation of -0.90, -0.89 and -0.87 respectively (Table 0).  Thus it showed that an 
increase in air temperature from January to April has shortened the incubation period 
considerably. 
The coefficients of correlation between incubation period of A .  ruhiei and 
maximum, minimum and mean rh indicated a strong relationship between rh. The 
tnaximum rh in the first 24 h, 48 h and IhX h after inoculation gave significantly high 
coefficients of correlation of 0.82, 0.86 and 0.87 respectively. The effect of minimum rh 
was less than the maximum rh. The coefficients of correlation were non-significant 




respectively after inoculation respectively but it was significantly high with rh coliriderrd 
for next IhX h. Mean rh gave the coefficients of correlation to thr extent of 0.52 (11011 
significant). 0.61 and 0.83 respectively with incubation period of A .  rcrhi~i. 
4.4 CROP PHENOLOGY 
Phenological stages of the chickpea crop vi:, emergence, flowering, pod setting. 
seed setting, full seed formation, end of pod formation, end of the leaves and ~nnturity 
stage of the crop in 1993-94 were recorded at 12, 101. 116. 12 1 .  120. 151. I65 and I68 
days after sowing (DAS) respectively (Fig.17). In 1994-95, there stages were recorded at 
12, 98, 115, 122, 131, 150. I65 and 168 DAS respectively (Fig. 18). to find out the effect 
of the diseaqe on the phenology of the crop. 
Phenological stages of the crop progressed normally during both the years under 
all the treatments viz. IW, NW, CW, l,N and C. up to the observation of first full seed 
formation ie. 129 DAS in 1993-94 and 131 DAS in 1994-95. The crop with IW treatment 
did not show further progress in the develop~nental stages, plant growth stagnated and the 
developed plant pans started senescence. In rest of the treatments, [he crop development 
was normal. 
4.5 CROP CHARACTERISTICS 
4.5.1 Plant population 
During both years the plant populations were similar in all the treatments. 




plantsha) than in 1994-95 (157484 to 193314 plantska) a \  indicated in Tdble 10. The 
plant population was less during second year due to an attack of wilt divease 
4.5.2 Plant height 
Plant height was monitored at fortnightly intervals in both years to avsess the 
comparative progress of chickpea under various treatments (Fig. 10. 20). 
In 1993-94, up to 45 DAS the plants showed a very slow rate of growth. From 45 
to I65 DAS a linear trend of growth was observed in all the treatments except for IW. 
where the increase in plant height continued only up to 150 DAS (Fig.19). The final plant 
height was simililr in all treatments in 1993-94 (Table 10). except for reduced blight in 
IW. 
In 1994-95, a linear increase in plant height was observed in all the trraunents up 
to 45 DAS in a slow rate. From 45 to 611 DAS. the increase wav vlightly fast and 
thereafter, the height was picked up at faster rite up to 120 DAS. In IW and I trentments 
crop showed a decline in increase of height, whereas in other treatments, the increase was 
observed up 165 DAS (Fig.20). 
In the year 1994-95, the plant height was similar in all un-inoculated treatments 
(Table 10) and the height was less in the IW and I treatments. 
4.6.1 Leaf area index 
In 1993-94 the leaf area index (LAI) was recorded at fortnightly intervals. It 
increased gradually up to 120 DAS and rapidly f ro~n  120 days to 150 ddyu. The 
Table 10: Final plant population, plant height and leaf area index in different 
treatments 
Plant Iw m1 CW I N c CO 
character 
Plant 259144 274472 263307 286638 281638 294133 NS 
population 
(ha ' 1  
Plant 52.5 63.3 66.3 61.0 66.7 63.3 NS 
helght (cmi 
Plant 178333 156667 173133 183333 183333 193333 NS 
population 
(ha ' )  
Plant 56 65.3 65.7 57.3 67.7 68.3 NS 
helght lcml 
LAI 1.7 2.3 2.3 2.4 2.n 2 1  NS 
(Maximum) 
IW = Inoculated plots with additional wetness 
NW = Naturally infected plots with additional wetness 
CW = Chemically controlled plots with additional wetness 
1 = Inoculated plots under natural conditions 
N = Naturally infected plots under natural conditions C = Chemically controlled 












maximum LA1 was observed at 150 DAS in all the treatments except IW, where the crop 
attained highest LA1 at 135 DAS and declined steeply. In the other treatments the LA1 
declined from 150 DAS onwards as the leaves dried (Fig. 21). 
A similar trend in LA1 was observed in the year 1YL)4-95, where i t  \bowed a 
gradual increase up to 90 DAS in all treatments, and a sharp increase up to 150 DAS in 
all treatments except IW where the increase was continued only up to 135 DAS. Later an 
there was a sharp decline in LA1 in all the treatments up to 165 DAS. The maximum LA1 
was observed in I treatment followed by CW, NW. C, N and IW (Fig.22) 
The ~naxilnum LA1 in both year was similar in all the treatments (Table 10). 
4.5.3 Leaf dry matter  (dp lan t )  
In 1993-94, leaf dry matter (LDM) was monitored at fortnightly intervals and is 
presented in Figure 23. 
There was a gradual increase in LDM up to h(l DAS in all the treatment\. Later 
on a considerable increase was observed up to 120 DAS which ~teepened fro111 120 to 135 
DAS. From 135 to 165 DAS, the LDM in all the treatments declined. The decline was 
gradual in all except 1W treatment, where it was steep. 
In 1994-95, a slow increase in LDM wa, observed up to 90 DAS in all the 
'eatments followed by a gradual increase up to 150 DAS in all except IW, where the 
increase continued only up to 135 DAS. Later on a decline was observed in all treatments 
up to 165 DAS (Fig.24). The LDM in 1994-95 was less than that in 1993.94 for all the 
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treatments. In both years, there were no significant differences betwee11 the treatmcnls 
(Table 1 I). 
4.5.3 Stem and branches dry matter 
The stem and branches dry matter (SBDM). recorded at fortnightly  interval^ in 
1993-94, increased gradually up to YO DAS in all the treatments except I, where a .;low 
rate of growth was observed up to 105 DAS. Subsequently the SBDM increased rapidly 
up to 180 DAS in all the treatments except IW, which reached a plateau at 150 DAS 
(Fig.25). 
The SBDM recorded at fortnightly intervals in 1004-(15 increased very slowly up 
to 90 DAS. Thereafter the rate of growth was rapid except for IW, where the SBDM did 
not increase after 120 DAS (Fig.26). 
The final stem dry matter in 1993-94 is presented in Table I I. Significantly less 
SBDM was observed with the IW treatment compared with all other treatments which 
were similar. 
In 1994-95, significantly less SBDM was observed with IW treatment. The SBDM 
in the NW and N treatments was similar and differences between CW. I and C were not 
significant (Table 11). In the second year, the SBDM was slightly more then in 1993-Y4. 
4.5.4 Pod dry matter 
The pod dry matter (PDM), recorded at fortnightly intervals in 1993-94, increased 
slowly up to 150 DAS (Fig.27). From 150 to 165 DAS the increase in PDM wa\ rapid 
Table 11: Final dry matter of leaves, stems, pods and seed dry matter of chickpea 
under different treatments 




Pod dry 5.6 
mdtter(g p l  
Seed dry 2.5 
matter(g pl~') 
'Leaf dry 6.2 
matter(g p l  I 
Stem d r y  6.9 
matter(g p l  ' 1  
Pod dry 2.2 
matter(g pl ' i  
Seed dry 1.4 
matter(g pl~') 
IW = lnoculated plots with additional wetness 
NW = Naturally infected plots with additional wetness 
CW = Chemically controlled plots with additional wetness 
I = Inoculated plots under natural conditions 
N = Naturally infected plots under natural conditions C = Chemically controlled 
plots under natural conditions 
*At maximum LA1 
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in all the treatments with the sole exception of IW, where the gradual increase in PDM 
continued. After 165 DAS a slow rate of growth was observed in PDM in all treatments. 
The PDM recorded at fortnightly intervals in 1994-95 increased gradually in all 
treatments up to 150 days (Fig.28). Subsequently it remained constant in IW, but there 
was a steep increase up to I65 DAS in all the other treatments which became more 
gradual from I65 to 180 DAS. 
In 1993-94, the PDM at harvest in IW treatment was significantly less than all the 
other treatments. These were similar to each other. A similar trend was observed in 1994- 
95 for PDM (Table I I). 
4.5.5 Seed dry matter 
The seed dry weight (SDM) recorded at fortnightly intervals in 1993-Y4 increased 
gradually from 135 to 150 DAS in all treatments. In the case of IW, there was a gradual 
increase in SDM from 150 to 165 DAS followed by a plateau. In all the other treatments 
there was a fast rate of growth up to I65 DAS. Thereafter the increase was more gradual 
in all these treatments except N, where the fast rate of growth continued up to 1x0 DAS 
(Fig.29). 
The SDM recorded at fortnightly intervals in 1994-95 increased gradually up to 
150 DAS (Fig.30). After this the SDM in IW remained constant whereas it showed a 
steep increase up to 165 DAS in the rest of the treatments. After 165 DAS the SDM 
increased slowly in N, CW and I but continuously at a fast rate of growth in 
hX 
NW and C. 
In 1993-943 the final SDM in the IW treatment was significantly less than the 
other treatments. The remaining treatments showed a non-significunt difference with each 
other in seed dry matter at harvest. A similar trend was observed in 1994-05, but SDM 
was more than that in 1993-94 (Table 11). 
4.5.6 Seed yield 
In 1993-94, the seed yield in the IW treatment was significantly less than all other 
treatments (Table 12). Of the remaining treatments, the seed yield of NW was 
significantly less than the rest. The seed yieldr of all other treatments were similar. 
In 1994-95, the seed yield of the 1W treatment was significantly less than all other 
treatments (Table 12). The seed yields of NW and CW treatments were si~nilar and N 
and C were also similar. The seed yield of N and C were significantly greater than those 
of NW and CW. The seed yield of the I treatment was significantly less than the yields 
of NW, CW, N and C. Ascochyta blight (DIS) caused an exponential [ Y  = exp(7.527 - 
O,OlX9*DIS), r = 0.971 loss of chickpea seed yield in the field. 
Table 12: Final seed yield, total dry matter and harvest index of chickpea under 
different treatments 
Plant IW WN' CW I N C CD 
character 
Seed 4 3 1 . 1  1 4 7 3 . 5  1 6 6 2 . 5  1 9 2 5 . 8  1 8 0 3 . 0  1 8 5 3 . 6  3 2 1 . 6  
yleldikg ha- I 
Total dry 2 8 7 0  4 7 9 1  4 4 0 9  4 4 4 4  5 1 8 b  5 0 3 0  2 8 2 . 4  
matterikg ha-') 
Harvest 0 . 1 5  0 . 3 1  0 . 3 8  0 . 4 3  0 . 3 6  0 . 3 9  0 . 0 9  
Index 
Seed 3 0 6 . 7  1 6 4 3 . 4  1 7 1 5 . 2  1 3 9 1 . 1  1 9 3 6 . 2  1 9 1 9 . 5  1 7 4  
yleld(kg ha ' 1  
Total dry 3 4 0 3  5 2 4 8  4 5 4 2  4942  4 6 2 9  4 7 9 9  7 5 6  
matterikg  ha^') 
Harvest 0 . 1  0 . 3  0 . 3 8  0 . 2 8  0 . 4 2  0 . 4 0  0 . 0 6  
Index 
IW = Inoculated plots with additional wetness 
NW = Naturally infected plots with additional wetness 
CW = Chemically controlled plots with additional wetness 
I = Inoculated plots under natural conditions 
N = Naturally infected plots under natural conditions 
C = Chemically controlled plots under natural conditions 
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4.5.7 Total dry matter 
In 1993-94, the total dry matter for 1W treaunent was significantly less than each 
of the other treatments (Table 12). The dry matter of CW and I were similar to each 
other. The values for N and C were also similar to each other. A significant difference 
was observed between NW and C. 
1994-95 the total dry matter was similar in all the treatments except IW where 
it was significantly less than all the other treatments (Table 12). 
CHAPTER-V 
DISCUSSION 
In this chapter, the results of the effect of meteorological variables on Ascochyta 
blight of chickpea evaluated empirically, in crrntrolled environment studies and in crop 
field experiments described in chapter I V  are discussed. 
5.1 EMPIRICAI. STUDY 
5.2 1,ABOHA'L'ORY EXPERIMENTS 
5.3 FIELD EXPERIMENTS 
5.1 EMPIRICAL STUDY 
The result, of the crop - weather - disease interactio~i study showed chat the crop 
growth season of chickpea can be divided in two parts which can be referred to as non- 
risky and risky periods. This is based on weekly relationships between the disease index 
and each of seven weather variables. 
5.1.1 Non-Risky Period 
Phase I 
During the active vegetative phase i.e. Standard Meteorological Weeks (SMWs) 
I to 8 (from 1st January to 25th February), no significant relationship was found with six 
of the weather variables. There was a significant correlation with rh in SMW 6 to 8 (from 
5th to 25th February). This result indicates that this period is not risky for the 
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development of an epidemic. This may be because the temperature during this period 
remained between 4.5 to 21.9'C with a mean of 13.Z0C, so for most of the time, the 
temperature remained below optimum for germination of pycnidiospores and growth of 
the fungus as reported by Bedi and Aujla. 1970 and Singh. 19x4. The resulting slow rate 
of growth and development of the pathogen would increase the length of the incubation 
and latent periods. In these conditions the disease would develop slowly and delay the 
secondary disease cycle, so maintaining a non-epidemic condition. This view is supported 
by Hassani (1981), Reddy and Singh (IYYO), and Trapero-Cassas and Kaiser (1992). 
Phase I1 
During maturity phase i.r. SMW 15 to 17 from 9th to 29th April, non-significant 
relationships between disease index and each of the seven weather variables very well 
depict this period as non-risky. This may be because the temperature as well as rh during 
this period remained unfavourable for the growth of the pathogen and the pathogen - h o ~ t  
interaction. The temperature was usually between 16.4 to 37.4'C with a mean value of 
2h.Y°C, so for most of the time, the temperature remained above optimum range as 
defined by Bedi and Aujla (1970) and Singh (19X4), and pycnidiospore germination, 
fungal growth and sporulation would have been adversely affected. The high temperature 
during this period resulted in a mean rh of hh per cent, much below the optimum range 
defined by Singh er al. (1982). They showed that a rh above 85 per cent is prerequisite 
for the disease development. The combination of high temperature and low rh would 
result in shortening of leaf wetness period so spores would neither be released from 
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pycnidia nor germinate. The disease cycle would therefore be broken, as supported by 
Hassani (IYXI), Reddy and Singh (IYYO), Royle and Butler (1986) and Wiltzien and 
Kaack (1984). 
5.1.2 Risky Period 
During the reproductive phase of the crop which coincides with SMW 1) to 14 
from 26th February to 8th March, out of the seven tneteorological variables tested. there 
were continuous and significant relationships between disease index and two weather 
variables v iz ,  maximum temperature and evening rh. The maximum temperature showed 
an inverse relationship whereas, the evening rh showed a positive relationship. These 
relationships indicate that during the active reproductive phase, the high temperatures 
restricted disease development, whereas, an increase in evening rh accelerated the disease 
development. The most favourable period for the development of A~cochyta blight was 
from SMW 9 to 14 because the temperature remained between 8.7 and 31.0°C with a 
mean value of 20°C. This would have been within the optimum range of temperature 
most of the time, since 20°C was most favourable for fungal growth , sporulation and 
pycnidiospore germination ( Bedi and Aujla, 1970: Singh. 1984). A range of temperature 
from 10 to 30°C for infection and disease development has been defined by various 
researchers, and this prevailed during this period. Within this range, the incubation and 
latent periods would have been short and the formation af pycnidia with viable 
pycnidiospores would have further resulted in adequate spomlation, producing a large 
number of spores. The rate of disease development during the second infection cycle 
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would have been rapid (Kaiser, 1973: Weltzien and Kaack. 1984: Reddy and Singh. 1990 
and Trapero-Cassas and Kaiser, 1992). 
The weekly average of rh during this period ranged from 32 to X I  per cent, so it 
is likely that upper limit of rh within the crop canopy will be in the range of 95 per cent. 
This difference in rh would be partly dur to transpiration from the actively growing crop. 
and would prolong the congenial conditions for infection and diqease development. This 
argument is supported by the report of Singh ct ul. (19x2) that rh above $5 per cent is 
optimum for disease development. 
The empirical study on the crop - weather - disease interaction has delineated two 
weather variables vir. maximum temperature and evening rh out of seven possible 
variables as significant regulators of the disease during the reproductive phase. Mavi er 
ul. (1YY2), also identified congenial weather variables for other diseases using a similar 
approach. This gave a strong indication that the combined effect of both the variables may 
further be explored for a more refined analysis. 
On the basis of this hypothesis, these two weather variables were combined 
together by dividing evening rh with corresponding values of ~nax imu~n  temperature to 
give a humid thermal ratio (HTR) which showed a highly significant correlation (r=0.9) 
with the disease index. A similar approach has been used by Jhorar et. ul. (1992) using 
two variables for karnal bunt of wheat. 
Taking into consideration the close relationships of disease index with maximum 
temperature, evening rh and the humid thermal ratio, best fit functions were selected to 
use them as disease predictive models. 
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In case of maximum temperature, a linear inverse relationship was observed with 
disease index (Dl) which explained 72 per cent of the variation in the disease. The 
relationship clearly indicates that 23 to 26°C is the most favourable weekly medn 
maximum temperature for development of the disease in epidemicu. The role of rh. 
however, is not explained here. These results support the findings of Trapero-Casas and 
Kaiser (1992). 
The asymptotic regression was selected as an appropriate function for evening rh. 
This explained 85 per cent of the variation in disease index and it illustrated that disease 
epidemics did not occur when the evening rh remained below 40 per cent. When evening 
rh exceed 40 per cent, it is likely that the periods of favourable rh would increase, leading 
to prolonged leaf wetness from early evening to late morning. This would accelerate the 
disease development provided the temperature was favourable to activate the pathogen. 
Such conditions can only be observed from the early evening to late morning or on 
cloudy and rainy days. On the other hand it is common for the rh to remain high during 
cooler p a t s  of the day when temperature is unfavourable (low), resulting in little scope 
for disease development. 
The combination of both evening rh and maximuni temperature in the HTR 
brought more refinement to the results when fitted as a quadratic function. This explained 
93 per cent of the variation in disease. An increase in Dl was observed with increasing 
HTR values up to 2.3, when it reached a peak followed by a decrease in Dl, indicating 
that the disease favouring HTR ranges from 1.3 to 3.3. Below this range, low rh coupled 
with h i ~ h  temperature proved to be unfavourable for disease development. On the other 
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hand when HTR wds greater than 3.0, low temperature alone was the ll~niting factor for 
disease development (Fig.7). 
In order of goodness of fit, the function fitted to HTR was followed by that for 
evening rh and lastly maximum temperature. These functions can be used as predictive 
models. 
As evident from empirical study, temperature and moisture are the two most 
important factors which influences Ascochyta blight. This finding provide suong evidence 
to initiate a controlled environment study on these aspects. 
5.2 LARORATORY EXPERIMENTS 
Experiments were conducted in controlled environments at a constant temperature 
of 20°C to investigate the effects of leaf wetness duration, dryness duration, rh and light 
and darkness on various components of the disease cycle and on the overall develop~nent 
of Ascochyta blight. The information on the effects of temperatures on the disease were 
already available in sufficient details in literature. Studies on this aspect, therefore, was 
not taken up. 
Spore germination was studied by giving different treatments of wetness and 
observations were recorded 42 h after applying the treatments. The results indicated that 
only 0.7 per cent of the spores germinated with 2 h of wetness and no infection resulted. 
The percentage of germinated spores, however, increased with increasing wetness duration 
indicating that spore germination requires a certain minimum threshold of wet period to 
cause infection. The germination percentage differed significantly among all the 
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hand when HTR was greater than 3.0. low temperature alone was the limiting factor for 
disease development (Fig.7). 
In order of goodness of fit, the function fitted to HTR was followed by that for 
evening rh and lastly maximum temperature. These functions can be used as predictive 
models. 
As evident from empirical study, temperature and moisture are the two ~iiost 
important factors which influences Ascochyta blight. This finding provide strong evidence 
to initiate a conbolled environment study on these aspects. 
5.2 1,AHOKATOHY EXPEKIM&N'I'S 
Experiments were conducted in controlled environments at a constant temperature 
of 20°C to investigate the effects of leaf wetness duration, dryness duration, rh and light 
and darkness on various components of the disease cycle and on the overall development 
of Ascochyta blight. The information on the effects of temperatures on the disease were 
already available in sufficient details in literature. Studies on this aspect, therefore, was 
not taken up. 
Spore germination was studied by giving different treatments of wetness and 
observations were recorded 42 h after applying the treatments. The results indicated that 
only 0.7 per cent of the spores germinated with 2 h of wetness and no infection resulted. 
The percentage of germinated spores, however, increased with increasing wetness duration 
ind~cating that spore germination requires a certain minimum threshold of wet period to 
cause infection. The germination percentage differed significantly among all the 
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treatments. This indicated that some of the pycnidiospores require longer wetness to 
produce germ-tube. Spore peneuation (0.3 9) was observed only at and above 4 h 
wetness indicating the minimum threshold for disease. The spore penetration, however. 
increased with increasing wetness duration showing that longer wetness favours disease 
development by maintaining the viability of germ tubes longer to increase the chances of 
penetration with a favourable temperature (Pandey and Chaube. 1986). 
The effect of leaf wetness duration on infection was studied in controlled 
conditions. Infection did not occur with 2 h wetness, however, the disease appeared in 
traces with 3 h but the difference from 0 to 3 h was non-significant. With 4 h wetness. 
however, there was a marked increase in disease and it differed significantly from that 
with 2 h and 3 h wetness, indicating that the minimum requirement of wetness for 
significant infection is 4 h at 20'C. When the period of wetness increased from 4 to h h. 
a significant increase in the disease was observed indicating that a continuous and longer 
duration of wetness favours the disease. Traparo-Casas and Kaiser (1992) and Weiltz and 
Kaak (1984), however, reported that a minimum period of h h is required to cause 
significant infection. The result$ presented here, however, are supported with the 
generalised statements of Huber and Gillespi (1992) and Royle and Butler (1986) for 
other diseases. The difference between 18 h and 24 h remained non- significant showing 
that, for a single disease cycle, a wetness period of I X  h may be sufficient for maximum 
infection. It may also be concluded from the results that when a sufficient wetness period 
has already been provided, the disease may not show variation with subsequent short 
period fluctuations in wet and dry periods. The study, however, needs further investigation 
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to establish differences for wetness duration (if any) beyond 24 h because wetness beyond 
24 h could cause significantly more disease than that with I8 h. 
The chickpea plants inoculated and dried ilnmediately under a fan were exposed 
to different humidity levels. The effect of continuously high rh for 4X h on these plants 
in the humidity chambers indicated that no infection occurred when rh was less then 95 
per cent. However, at 95 per cent rh, the disease appeared in traces ((1.8 L7r) and at YX per 
cent it reached 24.8 per cent. This was significantly different from the other treat~nents. 
At 99 per cent rh, the disease further increased to 58.4 per cent and it was highest at 100 
per cent rh, reaching 75.2 per cent. These results suggest that rh above 95 per cent has 
an exponential effect on the disease indicating that the moisture requirement of the 
pathogen is fulfilled even in the absence of a free film of water. Such conditions generally 
occur when nights are cloudy. The result supports the studies conducted in controlled 
conditions by Hassani (1981) which revealed that spores germinated at Y X  per cent rh and 
increase rapidly at I(M) per cent rh. Arauz and Sutton (19x9) also thought that the 
pathogen may germinate in the presence of high humidity even without wetness. The 
studies conducted by Reddy and Singh (IYYO), however, included a wide range of 
humidity and did not specify the favourable range. Singh cr 01. (19x2) reported that wet 
inoculated plants (without drying the plant surface) when exposed to rh > 85 per cent, the 
disease development was significantly high. This would have been possible if wetness on 
the plant surface persisted for a sufficient period to allow infection. This view was 
supported by the wetness study where significant disease developed with 4 h wetness. The 
effect of longer than 48 h of rh on the development of disease with an initial wet plant 
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surface, however, needs further investigation. 
When the plants were exposed to different periods of dryness immediately after 
inoculation, the disease intensity was reduced at a fast rate initially ( from 0 to 2 h 
dryness) with a reduced effect as the dryness duration increased (from 2 h to X h dryness). 
This may be caused by the germination and peneuation of the pathogen being restricted 
due to the break in continuous wetness. When pycnidiospores are exposed to dry 
conditions after inoculation, they may loose viability due to desiccation affecting the 
infection process adversely. This result contradicts the findings of Traparo-Casas and 
Kaiser (1992). They reponed that a dryness period of 6 h immediately after inoculation 
followed by 24 h wetness, resulted in a substantial increase in disease. 
The study pertaining to effect of light and dark on infection indicated that 
continuously dark conditionsresulted significantly more disease than light conditions. This 
may be due to the plant becoming predisposed in the dark and pathogen penetrating more 
aggressively through the cuticle. These hypotheseq are supported by studies conducted by 
Benedict (1971) which revealed that with the disease caused by Pucci~ric~ {ruminis on 
barberry leaves, low light conditions induced penetration through the cuticle, so increasing 
the disease. Pandey and Chaube (1986) reponed penetrations by A ,  ruhiei through the 
cuticle by forming appresoria and ignoring open stomata. 
In a sporulation study, the effects of wetness, high rh and darkness were studied. 
Sporulation with >95 per cent rh was more than that with 90 per cent. This may be due 
to the availability of more moisture in the air (with > 95 % rh) resulting in the 
development of more number of pycnidia as well as spores per pycnidia. Royle and Butler 
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(1986) stated that the sporulation is commonly favoured by high rh. The number of 
pycnidia as well as pycnidiospores further increased in the dark when compared with 
light. This is in agreement with the findings of Chauhan and Sinha (197.1). which revealed 
that darkness favours sporulation. These results, however, differ from reports given by 
Nene (1982) and Kaiser (1973) from laboratory studies on artificial media. They reported 
that continuous light favoured sporulation tnore than continuous dark. Maximum 
spomlation was recorded when continuous wet conditions were provided to the diseased 
plants. The number of pycnidia as well as the pycnidiospores increased rapidly indicating 
the multiplicative effect of wetness. Similar effects were reported by Hassani (1981). 
The controlled environment studies supported the results of the empirical study 
and further provided the base to initiate the experiments in the field to validate theve 
results in natural conditions. 
5.3 FIELD EXPERIMENTS 
In the field investigations, experiments were conducted for two years to evaluate 
the effect of meteorological elements on the disease. Artificial wetness was provided to 
the plants for varied intervals, in addition to natural wetness, for one week intervals 
beginning on 129 DAS in 1993-94 and on l I9 DAS in 1994-95. These were the dates 
when plants were inoculated artificially. 
The results indicated that in both the years comparatively high disease intensity 
(30 % in 1993-94 and 17 % in 1994-95) was recorded in the IW treatmenf where 
congenial environmental conditions were provided by maintaining continuous leaf wetness 
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for a week. The disease either appeared in traces or it failed to appear without 
inoculation, in the NW (naturally infected and wet) and CW (chelnically protected and 
wet) treatments in both the years. In the plots with natural wetness the diseese reached 
8 per cent, in the inoculated treatment (I) whereas, in the naturally infected (N) and 
chemically protected (C) plots, the disease either remained nil or appeared in traceu. The 
higher disease in the IW plots resulted from the availability of free moisture for wfficient 
time for infection, as  on every day an additional eight hours of wetness was supplied to 
this treatment. In addition a virulent pathogen was provided, so germination and 
penetration would have proceeded with little restriction. Silnilareffects have been reported 
for the pathogen under laboratory conditions by Hassani (IYXI), Nene (1984). Weiltz and 
Kaak (1984) and Trapero-Casas and Kaiser (1992) who found that long wetness periods 
permit maximum spore germination and further provide better chances for the pathogen 
to penetrate the host by extending the viability of germ-tubes. The year to year variation 
in the level of primary infection may be due to the variation in temperature during the 
experimental periods. The temperature during the week immediately after i~loculations 
remained about 5OC higher in 1993-94 approaching the optimal temperature range, 
compared to 1994-95. 
In the treatment where the plants were provided artificial wetness but not 
inoculated artificially, the disease did not appear in the first year and in the second year 
it appeared in only traces, Much more disease appeared in the IW treatment, where 
inoculum was supplied along with additional wetness whereas, in the NW treatment, 
where additional wetness was supplied but inoculum was not supplied artificially, the 
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disease either was absent or appeared in aaces in 1993-94. These resuln provide strong 
evidence that inoculum was a limiting factor in NW. This finding further provides a bask 
to explore the possibility of inoculum availability in the nature to cause epidemics. In the 
literature, however, researchers differ in their opinions regarding the availability of 
inoculum in the nature (Singh and Sharma, 1995). In the case of chemically protected 
plants with conditions congenial to disease (CW), the disease did not appear in the first 
year, and in the second year, it appeared only in traces confirming the effectiveness of 
the chemical spray. However the results from C. CW, N. NW were similar indicating that 
application of chemical spray in non-epidemic years does not give any economic benefit. 
This finding provides a strong base to develop a suitable forecasting vysteln to make 
judicious use of chemicals while minimising adverse effect on the ecosystem. In 1993- 
94, more disease in the I treatment than in N appeared due to high humidity andlor wet 
conditions together with congenial temperature (higher by about 5°C prevailing 
immediately after inoculation of the plots under natural conditions. In 1994-95. however. 
the disease did not appear in the I treatment, because the natural conditions were not 
congenial for infection immediately after inoculation (Fig. 1 to 4). 
In the second infection cycle there was high d i sea~e  intensity in IW treatment in 
both years probably due to the ~nultiplicative effect of wetness and initial inoculum. The 
maximum disease in 1993-94 was 80 per cent compared with 8'9 per cent in 1994-95, 
possibly because the temperature in 1993-94 was around 22 to 23°C and around 20°C 
in 1994-95. This might have played a significant role in establishing higher terminal 
disease in the second year. The results are in common with the findings of Wiltzin and 
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Kaak (19x4). In 1993-94, only slight disease (1.1 %) developed in NW beatlnent 
compared with 7.5 per cent in 1994-95. This difference and a similar difference between 
years for the N aeatment, indicate that significantly more disease developed in the second 
year due to the availability of inoculum and a favourable environment. Further spread of 
the disease was checked by an increasing air temperature associated with short periods 
of wetness and high humidity. The results support the views expressed by Reddy and 
Singh (1990) according to which high humidity and long wetness periods with favourable 
temperature would result in high infection and ultimately high disease intensity, but when 
the conditions are unfavourable, the disease progress is checked. 
In an experiment conducted to study the effect of variable wetness, the results 
indicated that when continuous wetness in the field is prolonged, disease intensity 
increased significantly. This would have been caused by the infection process continuing 
for longer with prolonged wetness allowing more spores to germinate and penetrate the 
host, and increase the amount of disease. These results aupport the findings o f  the 
controlled environment studies discussed earlier and also the laboratory studies of 
Traparo-Casas and Kaiser (1992). Nene. (19x4) also expressed similar views. 
In the potted plant experiment, the per cent disease intensity remained 
comparatively high in the first, second, fifth and sixth exposure periods due to favourable 
moisture conditions with the evening rh remaining more than 40 per cent. However, the 
incubation periods were longer in first and second exposure periods because the 
temperature remained low ie. below 20°C (maximum temperature). The most favourable 
week for disease development was 5 th exposure period when the maximum disease 
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intensity of all the sets coincided with a seven day incubation period. The maximum 
temperature was 24°C and the minimum temperature was 10°C. The rh remained at 95 
per cent for about 40 hours and rainfall occurred. With subsequent sets of inoculated 
plants, the disease remained comparatively low with a slight increase to seven per cent 
only in the l lth exposure period. The diseaqe intensity remained low in these exposure 
periods because of unfavourable temperature and moisture conditions (Appandix-11) with 
slightly favourable moisture and temperature conditions during the I lth exposure period. 
The disease intensity during the weeks with high rh and wetness remained higher because 
the moisture requirement of pathogen for infection was fulfilled (partly). The empirical 
and controlled environment studies fully support these results. Also the views expressed 
by Reddy and Singh (IYYO), Kaiser (1973), Nene (IYX2), Weltzien and Kaak (19x4) and 
Traparo-Casas and Kaiser (1992) support these findings. 
The Incubation period decreased with time due to a seasonal rise in temperature. 
The inverse relationship between the incubation period and temperature is in accordance 
with the findings of controlled environment studies by Traparo-Casas and Kaiser (1992). 
The weeks with the highest disease intensity and the minimum incubation period are 
considered to be the most favourable periods for fast disease progress. These periods in 
the present investigation were from 13th to 20th February and from 27th March to 3rd 
April. A long period with these conditions might have lead to a disease epidemic. 
The coefficients of correlation between disease on inoculated poned plants and 
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maximum, minimum and mean temperature in the field at Ludhiana showed a significant 
and inverse relationship with maximum temperature. With the average rh. there was a 
direct and highly significant relationship. These results indicate that the weather 
conditions in Punjab during the crop season are such that a reduction in maximu~n 
temperature and an increase in tninilnurn rh (both representing day-time weather) result 
in high disease. There is also a strong, inverse relationship between the average 
temperature and the incubation period indicating that increased temperature reduces the 
incubation period. These results are supported by the findings of Traparo-Casas and 
Kaiser (1992). Short incubation periods have also been linked to severe disease and this 
is an area needing further investigations. 
The coefficients of correlation between disease and maximuln, ~ninimuln and mean 
rh indicated that rh is directly related to disease during the chickpea growing season. 
Maximum rh during first 1, 2 and 7 days, immediately after inoculation gave low 
coefficients of correlation but the effects of mean and minimum rh over the same period 
were greater. The coefficients of correlation (with mean rh) were O.Xh. 0.85 and 0.76 
respectively and minimum rh gave coefficients of correlation of O.X4, 0.84 and 0.74 
respectively. These results indicate that the humidity is most important immediately after 
inoculation and its importance is slightly reduced with time. 
The coefficients of correlation showed inverse relationship'i between the incubation 
period of the disease and maximum, minimum and mean temperatures at Ludhiana. The 
Xh 
maximum temperature in the first 1, 2 and 7 days after inoculation gave coefficients of 
correlation of -0.86. -0.85 and -0.90 respectively and the minimum temperature gave 
coefficients of correlation of -0.89, -0.86 and -0.79 respectively. The mean temperature 
in the first 1. 2 and 7 day after inoculation gave coefficients of correlation of -O.')O, -0.X') 
and -0.87 respectively. These results indicate that the mean temperature throughout the 
week affect the incubation period inversely and is important to disease development. 
Plant population, final plant height and maxi~nutn leaf area index (LAI) did not 
differ significantly between any of the treatments v i z .  IW. NW, CW. I. N and C. This 
indicates that the crop experienced similar environments in both the years and in all the 
treatments up to the date of inoculation i r ,  seed formation stage. This is evident from time 
taken to reach the seed formation stage (ranging from 121 to 129DAS).  
The time trend of different growth measurements during both crop seasons ic. leiif 
area index (LAI), leaf dry matter (LDM), stem and branches dry matter (SBDM), pod dry 
matter (PDM), seed dry matter (SDM), total biomass and yield were similar in all the 
treatments except for IW. In the IW treatment the conditions were congenial for the 
pathogen, leading to a disease epidemic which drastically reduced not only the source size 
but also dry matter accumulation in different plant parts such as leaves, stems, pods and 
seed. 
The disease epidemic in the IW treatment shortened the grain filling period on one 
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hand, while on the other hand it significantly reduced the source size and sink capacity 
by reducing the pod dry matter. The reduced capacity to accumulate photosynthates was 
indicated through significant and large reductions in the dry matter of different plant 
p a t s  including seed dry matter. This played a major role in significantly reducing seed 
yield in the IW treatment in both year%. 
CHAPTER-VI 
SUMMARY AND CONCLUSIONS 
Chickpea (Cicer arietilnum L.) is an important food legume grown in 
ecologically diverse environments, where crop yielda range widely. Large fluctuations in 
the productivity of chickpea commonly coincide with Ascochyta blight caused by 
Ascorhytu rubiei (Pass). This disease is a major threat to chickpea production in several 
states of India, including the Punjab. 
Ascochyta blight epidemics coincided with typical weather conditions shown by 
empirical relationships between the disease and meteorological variables. These 
relationships were investigated further in conuolled environment and disease progresa and 
its influence on the chickpea crop were investigated in the field. 
In the empirical study, the growing season of chickpea was divided in risky and 
non-risky periods. 
The vegetative phase of the crop (SMW I to 8) was non-risky. Coefficients of 
correlation between the disease and meteorological variables remained weak and non- 
significant, because temperature during this period was too low for germination of 
pycnidiospores and growth of the fungus. 
The maturity phase (SMW 15 to 17) was also non-linear. The temperature and 
humidity remained unfavourable for growth and development of the pathogen and host- 
pathogen interaction. The host escape risk by attaining maturity before dominance of the 
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disease. 
In the reproductive phase (SMW 9 to 14). variation in the ~naximum teliiperature 
and evening relative humidity gave strong relationships with the disease indicating that 
this period was risky. 
The empirical study delineated maximum temperature and evening relative 
humidity out of seven weather variables as exerting most influence on disease 
development. These two variables were combined as the humid ther~nal ratio (HTR) and 
fitted to an appropriate function. 
Maximum temperature during risky period gave a linear relationship with the 
disease index (Dl = 5.17 -0.175 TMX), that explained 72 per cent of the variation in 
disease and indicated the range of 23 to 2h°C as most favourable. 
An asymptotic regression Dl = 1- 30.94 * exp (-O.I*RHE) was the most 
appropriate function for evening relative humidity. This explained 85 per cent of the 
variation in disease and indicated that from SMW 9 to 14, an average of >40 per cent 
relative humidity during the day (in SMW 9 to 14), favoured disease development. 
The combination of evening relative humidity and the corresponding tnaxi~nutn 
temperature in the form of HTR was fitted to a quadratic function (Dl = -4.28 t 
4.6Y*HTR - 1.05*HTR2), which explained 93 per cent of the variation in disease. The 
disease appeared when the HTR ranged from 1.3 to 3.3 (2.321) and reached maximum 
with an HTR value of 2.3. 
The functions fitted with maximum temperature, evening relative humidity and the 
humid thermal ratio HTR can be used as tools to develop a disease forecasting model. 
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The findings of the empirical study provided sufficient evidence to initiate 
laboratory experiments to investigate the effects of temperature, relative humidity and 
leaf wetness on Ascochyta blight development. 
Sufficient information on the effect of temperature on disease develop~nent is 
available in literature. Therefore, experiments in controlled environments were conducted 
at a constant temperature (either 20 or 24°C) to investigate the effect of moisture (relative 
humidity and wetness) on life cycle of A .  mhiri. 
Pycnidiospore germination and germ tube penetriition increased linearly (G = - 
0.40 + 0.855*WD, R' = 0.98 and P = - 1.05 + 0.43*WD. R' = 0.91) with wetness 
duration (WD). Spore germination (with 24 h wetness) stiited 12 h after inoculation and 
increased linearly (G = -6.77 + 1.125*h. R2 = 0.75) with time up to 52 h (the end of 
the experiment). 
The minimum wemess period of 4 h caused a little but significant disease and 
followed a non-linear (diminishing return) trend [Dl = 50 - h2.220155 exp(- 
0.109329*WD), R' = 0.971. 
lncreaseing dryness durition (Dh) immediately after inoculation caused a linear 
decrease (Dl= 40.316 - 3.727*Dh, R' = 0.96) in disease. 
When the relative humidity aws less than 95 per cent, there was no infection 
following with wet inoculation with immediate drying of the plant surface. Relative 
humidity between 08 and 100 per cent, caused a steep and linear (Dl = -1015.33 
+10.794*rh, R' = 0.85) increase in the disease 
Continuous darkness induced more infection in chickpea plants compared with 
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light probably due to predisposition of the plant enabling Inore penetration through the 
cuticle. 
Maximum sporulation was found with continuous wetness which followed a non- 
linear increase IPy = 1200 - 1636.146 exp(-0.5468 WD), R2 = 0.95 1 and ( S  = h* 10". 
7.43*108 exp(-0.467406*WD). R2 = 0.98) with increasing wetness duration. 
The results of the empirical study, validated with controlled environment 
experiments, provided a basis for field experi~ncnts to confirm the relationships between 
the disease with temperature and moisture (relative humidity and wetness). 
In the field, the disease increased linearly with wetness duration in first and second 
infection cycles. 
In un-inoculated plots Ascochyta blight either was absent or appeared only in 
traces, indicating inoculu~n was a major constraints to disease highlighted a need to 
initiate further investigation on this aspect. 
Non-significant differences between C. CW. N and NW inferred that chemical 
spray in years with unfavourable weather for Ascochyta blight was uneconomical. The 
combined knowledge of inoculum load and anticipated weather would therefore minimize 
losses caused by additional (chemical) inputs. 
High relative humidity favoured disease development in the field and could be 
used as good indicator for diqease prediction. 
The incubation period of A .  ruhiei was greatly influenced by temperature, 
permitting prediction of the appearance of disease symptoms. 
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Plant population, plant height and maximum LA1 were not affected significantly. 
when the disease appeared in March but the disease drastically reduced yield of chickpea 
seed I Y=Exp (7.527-0.0189 DIS), r = -0.97). 
All three components of present investigations fully support each other. The results 
provide sufficient information to identify infection periods on the basis of prevailing 
weather and inoculum availability. This information can contribute to the development of 
a disease simulation model which could be used for weather-based advise for farmers to 
take timely control measures to check Ascochyta blight development. 
Conclusions: 
All three components of present investigation ic empirical, controlled environment 
and field studies highlighted the following conditions for Ascochyta blight development: 
1. Availability of inoculutn plays an important role in natural infection. It help to 
determine the epidemic and would facilitate the issue of disease forecasts. 
2. The pathogen multiplies in the range fom 10 to 30°C and its development is most 
rapid between 15 and 25'C. 
3. The organism is very responsive to rh and leaf wetness. 
9 3 
4. Moisture conditions immediately after inoculation are most important to the 
establishment of the pathogen. 
5 ,  Infection can only occur when the rh within the plant canopy is >Y5 percent. 
When the weekly mean of evening rh during months of March exceeds 40 per 
cent, disease epidemics are common. 
6. At the optimum temperature, leaf wetness of at least 4 h is required for infection 
by A. rabiei. Prolonged wetness up to 24 h at the optimum temperature caused an 
asymptotic increase in a single infection cycle of the disease. 
7.  Once infection has taken place, temperature play a major role in dihease 
development by affecting the incubation and latent periods. 
8. Sporulation and release of pycnidiospores i h  tnaxitnum in wet conditions. 
9. Ascochyta blight hampers the growth and development of plants and destroy!, 
developed plant part5 leading to a total crop loss, in epidemics. 7he seed yield is 
reduced exponentially with increasing Ascochyta blight. 
These findings provide a good base to identify infection periods frotn prevailing 
weather variables. Daily leaf wetness periods and temperature in the presence of sufficient 
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inoculum enable infection indices to be worked out. On the bahis of these indices. a rihk 
of Ascochyta blight can be assessed before the appearance of symptoms. The extent of 
spomlation can also be estimated to predict potential inoculum for successive disease 
cycles. The forecast values of temperature, rh and wetness can be estimated by analysis 
of synoptic weather charts and cloud pictures. An eastward track of western disturbances 
and deep upper layer troughs is kept under observation, as soon as they appear around 
30"E. This system would give weather over north-western India (around 75"E and 30"N) 
about a week in advance which is sufficient lead time to predict work out favourable or 
unfavourable conditions for Ascochyta blight and to issue a weather-based advisory to 
farmers for efficient and judicious application of fungitoxicants as part of a disease 
management system for increased and sustainable chickpea production. 
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